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ALUMINA REGIONS TERNARY ALUMINOSILICATE SYSTEMS 


COMMUNICATION THE SYSTEMS SiO, AND SiO, 


Ya. Galakhov 


The alumina-silica system one the most important silicate systems. The phase diagram this 
system important not only because shows the interactions high temperatures between the two most widely 
occurring oxides, which are extensively used the manufacture refractories and pottery, but also because 
this system forms part ternary aluminosilicate systems, being represented one side the triangular ternary 
diagram. phase diagram the alumina-silica system was first constructed 1909 [1]. this diagram 
compound corresponding the natural mineral sillimanite SiO, was Later, 1924 [2], 
was found that sillimanite could not produced artificially, and the compound realized the system was 
not sillimanite, but different compound, mullite The development this phase diagram 
became classical investigation the physical chemistry the silicates, and the diagram itself was applied 
the study various ternary aluminosilicate systems. However, this case also error was made, namely, 
one the most important properties mullite the character its fusion, which was considered occur 
with decomposition into corundum and 1951 [3], Toropov and the author showed experimentally 


that mullite melts without decomposition, and the necessary correction was made the phase diagram. 


connection with the development the new variant the phase diagram the alumina-silica system- 
which has found further experimental confirmation there arose the question noncorrespondence with 
the diagrams ternary aluminosilicate systems. these diagrams the boundary between the mullite and 
corundum fields has peritectic character, and its direction such that one its ends lies the peritectic 
point the old alumina-silica the other hand, according the new variant the binary dia- 
gram this boundary must eutectic having its origin the eutectic point between mullite and corundum. 

must emphasized here that all the known ternary aluminosilicate systems, apart from the system with 
barium oxide [7], most the boundary between the mullite and corundum fields has not been established ex- 


perimentally and has been inserted the diagram solely the basis the position the peritectic point 
the SiO, system. 


The present investigation, which aims the elucidation this noncorrespondence experimental 
determination the boundary between the mullite and corundum fields, covers the whole alumina region 
ternary aluminosilicate systems. the course the work was found necessary also make supplementary 
studies some binary alumina systems, and some additions and corrections were made these. 


EXPERIMENTAL 


For preparation the samples used the following materials; silica the form fine powder 
made from rock crystal (99.90% SiO,); alumina prepared from ammonium alum which only traces 
impurities could detected spectroscopically; ferrous oxide prepared from the oxalate; and manganese 
The last two reagents were the for grade. Mixtures amounting about were 
prepared, moistened with dextrin solution, pressed into the form sticks, and melted electric arc. 


The investigation was carried out the annealing-quenching method. sample, about size, 
was hung tungsten wire the center the furnace, heated until completely melted, and then heated 
further 100-200° for complete homogenization, give homogeneous liquid phase. The temperature 
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was then lowered and maintained the required level for period from seconds minutes, after 
which the sample was shot into the cold zone the furnace means magnet. The high rate 
lization our melts enabled limit ourselves very short periods for the separation the crystalline 
phases and the development sufficiently large crystals. After being quenched the samples were studied 
microscopically the form polished sections and immersion cases which the character 


the crystallization made impossible determine the liquidus temperature carried out simple melting 
point determination, 


The samples were heated improved microfurnace [8], and the experiments were carried out 
argon atmosphere. The fusion the sample was observed through viewing tube provided with supplementa- 
The temperature was read voltmeter connected the heating element the furnace; the volt- 


2050°). work with the microfurnace this method determining temperature not less accurate than the 
determination temperature with optical pyrometer. 


The system has been partially studied White, and Hay [9]. the basis 
thermal analysis and microscopic data they constructed the phase diagram shown Fig. the 


tions were carried out temperatures not exceeding 1670°, the liquidus region for alumina contents above 
30% was not actually investigated. 


The first investigation the system 
SiO, was carried out Hay, White, and 
Caulfield [10] the cooling curve method, but 

the equilibria that they established are not accord 
with the results later investigations [11-13] 
this system carried out the quenching method. 
The cause the discrepancy probably lies the 
difference methods investigation. Snow and 
McCaughey [11] used somewhat modified quenching 
method, which crystallization the melt was 
carried out iron crucibles atmosphere 


purified nitrogen. Schairer [12], paper the 
quaternary system SiO,, gives 


tentative diagram for FeO— SiO, and the 


Wt. compositions invariant points. later publication 
Schairer and Yagi [13] gives detailed report 
work this system. The results the last three 


Fig. phase diagram according investigations [11-13] are close agreement. 
White, and Hay. 


Liquid 


1700 
Liquid 


Liquid 


the study high-temperature phase equili- 


bria mixtures containing ferrous oxide necessary 
take account the possibility the formation ferric oxide. This matter was studied with particular 


care Bowen and Schairer [14] their work the system Although the melts always contained 
certain amount ferric iron, all the iron was calculated FeO, and, stated, the construction the 
binary SiO, diagram was made without "any serious distortions and with enormous advantage from the 
point view application". the construction the ternary FeO— SiO, diagram, Schairer and Yagi 


[13] also treated all the iron being the form FeO, although the ferric oxide content found chemical 
analysis attained 10% 


follows from previous investigations systems containing ferrous oxide that the best experimental 
conditions are realized when iron crucibles are used, and heating carried out atmosphere nitro- 
gen. the present investigation was impossible use iron crucibles order prevent formation ferric 
oxide because the liquidus temperature lies above the melting point iron. However, there need such 
agent" quenching experiments above 1700° because the high temperature the experiment en- 
sures that will decompose into oxygen and The other condition the use neutral atmosphere 
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was observed, but instead nitrogen, argon carefully purified from oxygen was used. The same experiments 
emphasize the necessity analyzing the preparations for contents iron oxides after each quenching experi- 


our experiments analysis after quenching 

TABLE 

was difficult, since the amount material was too 
Analytical Results for Original Test Samples Pused small and numerous repeats the experiment were 
Electric Arc necessary order obtain about substance. 
Hence, only the original test samples obtained after 
fusion the electric arc were The results 
are given Table 


Composition according Composition according 
weight) weight) 


Q 


FeO will seen from Table that the content 
ferric oxide increases with increase the total 
iron content the sample, but when the total iron 
content 23% the amount ferric oxide only 
3.4% the amount iron the sample does not 
change during the synthesis, was not necessary 


analyze all the samples and their original compositions 
were taken the same their final compositions. 


The question whether change the relative amounts the iron oxides may occur during the period 
heating may stated above, the high temperature the experiments should favor decomposition 
ferric oxide into ferrous oxide and oxygen, That this occurs confirmed the fact that after melting the 
sample has begun the microfurnace bubbles gas are observed separate from the melt; these can 
attributed only oxygen derived from decomposing ferric oxide. Hence, change the relative amounts 
the oxides iron during the experiment can only the direction reduced ferric oxide content, which 
will have favorable effect the results the investigation, since the composition the sample will become 
closer its original 


When compare the ternary SiO, diagram Schairer and Yagi [13] with the binary 
diagram White, and Hay [9], can see the noncorrespondence the presumed position the 
boundary between hercynite and corundum the ternary system and the composition the corresponding 
point the binary system, which, according the results McIntosh, White and Hay, peritectic point. 
After studying crystallization products the ternary system established that the direction found Schairer 
and Yagi for the hercynite-corundum boundary preserved its continuation; almost linear and passes 
point the system which must eutectic point, since lies between hercynite and 
corundum, 


Fed 


Fig. Results determinations primary phases Fig. Phase diagram the system 
and melting points part the system according White, and Hay and the re- 
sults the present work (crystallization curve 


order verify results not inagreement with 


the diagram McIntosh, White, and Hay, several com- 
positions the system were investigated. The results are presented the form graph Fig. 


1750 
1900 
541 


Determinations primary phases and melting points confirm the presence eutectic between hercynite and 
corundum. The composition the eutectic 36% FeO, 64% and its melting point 
The diagram White, and Hay given with corrections Fig. 


(1800°); corundum (1730°); hercynite (1600°) with indications 
the compositions the preparations the system SiO, (reflected 
light, 420). 
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Two boundary curves were determined the alumina region the ternary system; 
and corundum-hercynite. The results the quenching experiments are given Table Figure shows 
photomicrographs crystals mullite corundum and hercynite together 
with the compositions the preparations photographed the ternary system. The directions the boundaries 
are close accord with the position the invariant reaction point for hercynite-corundum-mullite deter- 


mined Schairer and Yagi [13]. The ternary diagram, supplemented the results the present investigations, 


TABLE 
Results the Quenching Samples the System SiO, 


Boundary between Corundum and Mullite Fields 
Mullite field 


4870 Glass 
1820 Mullite 
Glass 


1750 Mullite glass 
1730 Mullite Blass 


1600 Mullite glass 
Corundum field 


1830 Corundum mullite glass 
1850 Glass 


1800 Corundum glass 
1700 Corundum glass 

1650 Corundum glass 


Boundary between Hercynite and Corundum Fields 
Corundum field 


1800 

Corundum 

Corund 


1730 
1600 Corundum lass 


glass 
1650 lass 


1600 Corundum glass 
Hercynite field 


1720 Glass 
1670 Hercynite 
1630 Glass 
1600 Hercynite glass 
1600 Glass 
1570 Hercynite 


For most the preparations the term refers mixture true glass with 
some fine crystals that separated during quenching. 


The System 
Part the system SiO, was studied Glaser [15], who established the formation two 
ternary phase diagram the system was constructed Snow [16], who used the quenching 


method, the samples being heated atmosphere Chemical analysis showed that oxidation 
MnO occurred only slight extent and could not appreciably affect the equilibria established. 
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Fig. Phase diagram the system SiO, 
constructed Schairer and Yagi and supplemented 
the results the present investigation (the corundum- 
mullite and corundum-hercynite boundaries) 
weight). 


TABLE 


Sid, IMO, 25i0, 


Fig. Phase diagram the system SiO, 
constructed Snow and supplemented the results 
the present investigation (the corundum-mullite 
boundary) weight). 


Composition (wt. Tempera- Time 
Mullite field 
1840 Mullite glass 
1780 Mullite glass 
1650 Mullite glass 
Corundum field 
1850 
1750 Corundum (sparse) mullite glass 
y 
1650 


Corundum (sparse) mullite glass 


For some the preparations the term refers mixture true glass with 
some fine crystals that separated during 


the present work studied only those mixtures which would enable establish the boundary be- 
tween themullite and corundum fields. Table gives the quenching results. The phase diagram, constructed 
Snow and supplemented our results, shown Fig. The position the mullite-corundum boundary 
accord with the invariant reaction point the mullite, corundum, and manganese cordierite 
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5SiO,) fields and with the eutectic point the system. 


our pleasant duty thank the director the Physicochemical Laboratory the Institute Silicate 
Chemistry the Academy Sciences the USSR, Toropov, for constant interest and valuable advice 
carrying out the present work, 


SUMMARY 


The alumina regions the ternary systems FeO— SiO, and SiO, were studied. 


The position the boundary between the mullite and corundum fields accord with the position 
the eutectic point which found previously the system. 


correction was made the phase diagram the system Hercynite melts 
without decomposition not with decomposition, was thought previously. 
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STATE OXIDATION-REDUCTION INDICATORS SOLUTION 


(Paper read General Meeting the Division Chemical Sciences the 
Academy Sciences the USSR, March 29, 1956) 


Various methods are used for determining the state substance solution, and one the most important 
these the potentiometric method. Potential measurements metal and hydrogen electrodes are most 
frequently used for such purposes, and little use made oxidation potentials. 


Clark [1, showed that investigation the relation between the oxidation potential reversible 

oxidation-reduction system and makes possible find acidic basic dissociation constants the oxidized 
and reduced forms the system. The method consists the determination the relation between the oxidized 
potential half-reduced solution and pH. typical curve for such relation shown Fig. consists 
linear sections joined smooth curves. Clark formulated general rules for the analysis these curves and 
used the graphical method for determining dissociation constants from the point intersection the continu- 
ations two successive linear defect the method developed Clark the indefinite value 
the diffusion potential the cell formed the oxidation-reduction and calomel half-cells, which used for 
the measurement oxidation potentials. The determination the dissociation constants protolytic groups 
from the points intersection two successive linear sections gives good results only when the constants differ 
considerably magnitude. The accuracy the determination constants Clark's method lowered when 
the linear sections have similar When two successive protolytic dissociation constants are close value, 
the corresponding linear section the curve disappears and appears only bend more than usual 
this case the determination the constants simply amounts selection the values for which the 
oretical curve fits most satisfactorily the graph. This process very laborious and time-consuming and 
associated with considerable errors. Moreover, the question the effect the ionic strength the solution 
the value the oxidation potential the system remains unresolved. 


was found that possible improve Clark's method, both with respect thermodynamic rigor, 
and also with respect convenience interpretation experimental results and accuracy the determination 
protolytic dissociation constants the oxidized and reduced forms the system. This attained 
placing the measurement oxidation potentials, which was carried out Clark's method with cell operating 
with transference, the measurement the emf cell operating without transference: 


dye, leuco dye buffer solution (1) 


The emf such cell does not include any indefinite contribution due diffusion potential and 
given the expression; 


which the oxidation potential the system, the activity hydrogen ions the solution, and 


: 


The oxidation potential, and therefore the emf the cell operating without transference, related 
complex manner the protolytic and oxidation-reduction equilibrium the products protolytic dissociation 
the oxidized and reduced the substance. The protolytic equilibrium greatly affects the value the 
oxidation potential, and itself depends the the solution. the other hand, the protolytic equili- 
brium depends the properties and structures the substances forming the oxidation-reduction system and 
their abilities combine with yield hydrogen hydroxyl ion. 
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Fig. Relation between and pH. System formed 
toluidine blue leuco toluidine blue. 


There will substantial difference general character between the curves expressing the dependence 
the the cell (1) and the dependence the oxidation potential pH. most con- 
venient consider this difference for actual examples oxidation-reduction systems. The examples have 


selected are formed thiazine dyes and their leuco forms, namely, methylene blue leuco methylene blue 
and toluidine blue leuco toluidine 


These dyes have the general formulas: 


for oxidized state 
+ 

NX, 


which hydrogen atom methyl group. 


for reduced state 


an 
+100 
by 
: 
7 
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denote the nucleus the thiazine dye then the product formed from the leuco form strongly 
acid solution result the addition protons each the nitrogen atoms the amino side groups may 


expressed Reduction the activity hydrogen ions brings about dissociation according the 
scheme: 


The dissociation constant given parentheses. 


With further increase pH, dissociation the cation RH,* begins with formation the undissociated 
substance RH: 


Clark [3] showed for leuco thionine and leuco methylene blue, the theoretically possible further 


dissociation with splitting hydrogen from the bridge nitrogen cannot detected experimentally right 
moderately alkaline solutions. 


Passage the leuco form into the oxidized state associated with change structure and, therefore, 
the chemical properties the substance, the basic properties the group organic radical 
hydrogen) being greatly intensified, and the same properties the group being weakened. the case 
methylene blue the basic properties the group are intensified such extent that the oxidized 


state the dye acquires the properties strong base, for which the dissociation constant corresponding the 
equilibrium 


has very low 


The dissociation constants corresponding the protolytic equilibria (3), (4), and (5) (if equate activity 
coefficients unity)* are given 


c +a 

1 ‘ ’ 


For half-reduced solution, the equation for the emf the cell (1), which operates without transference, 
has the form: 


The curve described Equation (7) differs qualitatively from the curve for the relation oxidation 
potential pH. This qualitative difference attributed the fact that the slopes the linear sections 
the curve are greater the amount than the slopes the curve. This readily understood 
when differentiate Equation (2) with respect pH: 


(8) 


The fact that the activity coefficients the various oxidized and reduced forms the substance are generally 
found both the numerator and denominator Equation (7) must some degree result neutralization 

their effects the value the emf. may expected, therefore, that equating activity coefficients 
unity, have done (6), nevertheless preserve the validity (7) over fairly wide range ionic 


strengths and the dissociation constants determined from such equation will close value the true 
thermodynamic constants. 
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the curve for oxidation potential against falls regularly with rise and has slopes the linear 
sections 3/2 and then the curve takes the form cup, the walls which are 


formed linear sections having slopes and intermediate horizontal section (zero slope) 
being disposed between these walls. 


the case the thiazine dyes, the dissociation constants the leuco forms and K,, differ very 
little value, and this results the disappearance the linear section zero slope forming the bottom 
the cuplike curve. The curve therefore takes the form curve with smooth minimum (Figs. 
and 3). For the minimum point this curve obtain: 


(9) 


(10) 


which the subscript indicates that the quantity refers the minimum point the curve, The exact 
position the minimum with respect the axis can determined graphical method that developed 
specially. The use this method and the more rigorous thermodynamic treatment make possible present 
the experimental results such form that the constants for the various protolytic equilibria can determined 
graphically with greater accuracy. Moreover, the maintenance constancy strength the potentio- 


metric measurements solutions varying enables obtain the true thermodynamic values these 
constants, 


TABLE 


Normal 
potential 
(mv) 


Temperature 


Leuco form Oxidized 
form 


Strong base 


Thionine 
Toluidine blue 
Methylene blue 


Our results for the systems methylene blue leuco methylene blue and toluidine blue leuco toluidine 
blue are presented Figs and These results are close accord with laws derived from the 
scheme protolytic equilibria (3-5) and Equation (7). After the position the minimum had been determined 
with respect both axes coordinates, simultaneous solution Equations (9) and (10) enabled obtain 

the values both the first and second dissociation constants the reduced form, which are given for both 


systems studied Table Table gives also the dissociation constants the oxidized forms, which also 
determined with the aid the graph. 


The values the constants given Table were substituted Equation (7), and the was cal- 
culated from this equation for various values pH. The calculated values are plotted Figs. and 
the form continuous curves. The close fit the experimental points the theoretical curve for against 
confirms that our values the constants are adequate accuracy. 


Investigation the relation the emf the nontransference cell (1) for various values the 
ionic strength the solution showed that, within the limits experimental error (1-0.5 mv), change ionic 
strength from 0.013 0.8 does not affect the value the emf the systems that studied. Without very 
much more investigation impossible give strict explanation this 


The method that have proposed makes possible correct the values dissociation constants found 
for systems studied previously. Applying Equation (2) Clark's data[3] for the oxidation potential the system 
thionine leuco thionine, made approximate calculation the emf the cell (1) and constructed the 
graph, With the aid the graph and Equations (9) and (10) determined the dissociation constants. 
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Fig. Relation between and for methylene blue leuco methylene 
blue: experimentally determined values; values calculated from 
Equation (7). 


Fig. Relation between and for toluidine blue leuco toluidine 
experimentally determined values; values calculated from 
Equation 


The dissociation constants the reduced form which found this way differed from values: 
40%. The theoretical curve calculated with our values the constants (Table corresponded 
more closely the experimental points than the curve calculated from Clark's values. 


The theoretical concepts discussed above and our experimental results with the proposed potentiometric 
method the dissociation the leuco forms dyes can verified independent method, namely 
The absorption spectra solutions leuco methylene blue and leuco toluidine blue 
were determined various values pH. was shown that for 256 the relation between the optical 
density the solution and expressed curve having horizontal sections corresponding the com- 
pounds and the acid and alkaline regions, the intermediate range there minimum. The 


ae 
A 
| 
' 
! 
400 
' 
' 
‘ ’ 
' 
' 
' 
‘ 
' 
5 51 


curve for the relation between optical density and for leuco toluidine blue given Fig. For leuco 
methylene blue the relationship the same character. 


From the curves obtained determined the values the dissociation constants and the 
method Thamer and Voigt [4](Table 2). 


TABLE 


1.91- 


Leuco toluidine blue 
Leuco methylene blue 


The departures these values the constants from those correspond 
errors the spectrophotometric determination concentration and therefore the determination optical 
density the limits which are about 2%. Such errors lie within the limits possible systematic error 

due the high tendency leuco forms dyes undergo adsorption. 


the basis additivity absorption light the products the dissociation the leuco form the 
dye, easy derive equation for the relation between the optical density the solution and the 
activity hydrogen ions 


+'DiK, DK, K,, (11) 


this equation and are the optical densities that the solution would have all the leuco dye 
present were the form and RH, respectively. 


perimentally determined values; values calculated from Equation (11). 


Leuco dye 

2.8- 

~ 
\ 
Y 
\ 4 
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The values and can determined directly from optical density measurements solution 
sufficiently low which the leuco compound passes completely into and solution 
sufficiently high which the leuco compound converted into The value cannot 
measured directly because always present admixture with other species. Using the values 
and given Table and applying Equation (11), may calculate from measurements the 
range which considerable part the leuco compound present the form RH,*. Knowing the con- 


centration leuco dye, may find the molar absorption coefficients all three species RH, and 
256 from the values found for Dy, and Dg. 


Equation (11) enables also compare the experimental results obtained potentiometrically with those 
obtained spectrophotometrically somewhat different way. The theoretical values optical density cal- 
culated from this equation (with potentiometric values the constants and are plotted Fig. and 
they lie within the limits the errors measurement, which are shown Fig. the broken 


Content 
S 


Fig. Distribution diagram for leuco toluidine blue. 


The values found for the protolytic dissociation 
constants permit construct picture the 


the solution, Particular interest presented the 
distribution the reduced form dye for which 
protolytic equilibrium has complex character. Figure 
gives diagram the distribution for leuco toluidine 


scissae and the percent contents various products 


distribution dye and leuco dye among the various 
dissociation products its dependence the 


toluidine blue. 
along the axis ordinates; these contents are cal- 


culated follows: 


Concentration product 
Total concentration 
leuco compound 


Cy 


The calculations were carried out the formulas: 


c 


Co 
for 


for 


0.600 
Cg K rr, K Ts 3 
an + 4 K t kK rK Ts 
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The distribution diagram enables one estimate not only the relation between the contents the pro- 
tolytic dissociation products substance, but also the distribution any additive properties among these 
the basis the principle additivity optical density calculated partial optical densities 
dissociation products reduced forms dyes with the aid distribution diagrams. Fig. show the 
relation between the partial optical densities solutions leuco toluidine blue and together with the 
experimentally found optical density the solution When the partial optical densities given are 
added, the sum close agreement with the experimentally found value 


thank Zakharyevsky for valuable advice. 


SUMMARY 


was shown that the method determining protolytic dissociation constants oxidation- 
reduction systems with the aid cells operating without transfer formed oxidation-reduction and hydrogen 
electrodes theoretically and experimentally sound. This method differs from method having 
greater thermodynamic rigor, permitting more convenient interpretation results, and being more accurate. 


The method was applied the determination protolytic dissociation constants leuco methylene 
blue, toluidine blue, and leuco toluidine 


The proposed method made possible correct values protolytic dissociation constants obtained 
previously for leuco thionine Clark's method. 


was found that change the ionic strength the solution has appreciable effect the emf 
the above-mentioned cell. 


Spectrophotometric measurements confirm the results potentiometric measurements. 


Diagrams were constructed showing the dependence the distribution leuco dyes, and also 


their additive properties (optical density), among the various products formed equilibrium their 
dissociation. 
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HYDROGENATION CYCLOPENTADIENE BINARY MIXTURES WITH 
UNSATURATED HYDROCARBONS OVER PALLADIUM AND 
PLATINUM BLACKS 


Kh. Freidlin and Polkovnikov 


was shown previously that, over Raney nickel, cyclopentadiene selectively hydrogenated its binary 
mixtures with cyclopentene, cyclohexene, 1-octene, and diphenylacetylene. The second components begin 

combine with hydrogen only after conversion cyclopentadiene cyclopentene complete. its binary 
mixtures with styrene, piperylene, and 1-heptene, cyclopentadiene hydrogenated nonselectively [1]. the 
present investigation have studied the hydrogenation cyclopentadiene binary mixtures with unsaturated 
hydrocarbons over palladium and platinum 


EXPERIMENTAL 


Reaction was carried out with mole* substance the liquid phase 25° atmospheric pressure 
presence 0.1 palladium black 0.045 platinum black, the experiments with palladium cyclo- 
hexane was used solvent, and the experiments with platinum 96% ethanol was used. The experimental 
conditions were such that reaction occurred the kinetic region; further details the experimental conditions 
are given the table. detailed description the procedure given previous communication [1]. The 
blacks were prepared reduction palladium and platinum chlorides aqueous solution formaldehyde 
presence alkali. The completeness the hydrogenation cyclopentadiene into cyclopentene was checked 
parallel experiments the qualitative reaction with hydroquinone [2]. The extent hydrogenation was 


calculated from the volume hydrogen actually consumed and the volume theoretically required for conversion 
into 


Hydrogenation the Individual Components the Mixture Over Palladium Black 


For comparison purposes, first studied the rate hydrogenation each unsaturated compound separately 
under the same experimental conditions. The results are given the table and are represented kinetic 


curves (Fig. which the total volume hydrogen consumed plotted abscissa and the rate 


absorption hydrogen milliliters per half-minute 


ordinate. will seen from these curves 


that the hydrogenation cyclopentadiene, cyclopentene, styrene, cyclohexene, and diphenylacetylene proceed 
accordance with zero-order law (Curves 1-5). The rate reaction remains constant until the 
theoretically necessary volume hydrogen has been absorbed. With respect rate addition hydrogen, 

the hydrocarbons form the series cyclopentadiene styrene cyclopentene diphenylacetylene cyclohexene, 
the relative values the constants being (Experiments 1-5). 


Hydrogenation Binary Mixtures Presence Palladium Black 


The mixtures taken for hydrogenation contained cyclopentadiene and the other unsaturated component 
molar ratio The kinetic curves for the hydrogenation binary mixtures are given from 


Experiments and 0.004 mole was used. 
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which can seen that the mixtures are again hydrogenated accordance with zero-order law. all cases 
the rate hydrogenation the mixture considerably lower than the sum the rates hydrogenation the 
components taken separately. showed previously that over palladium black also over Raney nickel 
one the two conjugated double bonds cyclopentadiene hydrogenated selectively [3]. could expected 
that, also binary mixtures with compounds containing isolated double bond, cyclopentadiene would hy- 
drogenated selectively cyclopentene. 
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~ 


half-minute) 


Hydrog 


Fig. Hydrogenation cyclopentadiene (1), cyclopentene (2), styrene (3), 
diphenylacetylene (4), and cyclohexene (5) cyclohexane over palladium black. 
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Hydrogen 
half -minute) 


Fig. binary mixtures cyclopentadiene with styrene (1), 
cyclohexene (2), and diphenylacetylene (3) cyclohexane over palladium 
black, 


can seen from Fig. that the kinetic curve for the hydrogenation mixture 
and cyclohexene (Curve has characteristic inflection corresponding the point which one molecular 
proportion hydrogen (26.4 theoretical amount 24.1 ml) has added, but the kinetic curves for 
mixtures cyclopentadiene with diphenylacetylene (Curve Experiment and with styrene (Curve Experi- 
ment 10) have inflections corresponding two and more than two molecular proportions hydrogen. may 
supposed that admixture with hydrogenated selectively, whereas mixtures 
with styrene and diphenylacetylene simultaneous hydrogenation occurs. order confirm this supposition 
carried out parallel experiments which the solution was tested for cyclopentadiene with hydroquinone when 
the volume hydrogen necessary for the conversion cyclopentadiene into cyclopentene had been consumed. 
was found that, the binary mixture with cyclohexene (Experiment cyclopentadiene could detected 
the solution when 102% the theoretical amount hydrogen had been consumed. the binary mixture 
with diphenylacetylene there was still positive test for cyclopentadiene when 175.2% the theoretical amount 
hydrogen had been consumed (Experiment 9). Only after the absorption double the volume hydrogen 
necessary for the hydrogenation cyclopentadiene into cyclopentene was cyclopentadiene found absent 
from the solution, the mixture with styrene the test for cyclopentadiene was still positive after the addition 
hydrogen, i.e., the amount necessary for hydrogenation into cyclopentene (Experiment 11). 


Hence, presence palladium black, also Raney nickel, cyclopentadiene binary mixtures with 
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cyclohexene hydrogenated selectively. binary mixtures with diphenylacetylene and styrene not hy- 
drogenated selectively. 


Hydrogenation Individual Components Mixtures Over Platinum Black 


Hydrogenation over platinum black was carried out 96% ethanol. was shown special experiments 
that replacement cyclohexane solvent alcohol has effect the selectivity the catalyst hydro- 
genation reactions. The results are given the table and Fig. will seen from Curve that cyclo- 
pentadiene hydrogenated ethanol somewhat accelerating rate. Cyclopentene and octene are hydro- 
genated constant rates the former more rapidly than the latter (Curves and Experiments and 14). 


Hydrogen (ml per 
® 


Fig. Hydrogenation cyclopentadiene (1), cyclopentene (2), and 1-octene 
(3) 96% ethanol over platinum black. 


vet 

vo 


Fig. Hydrogenation binary mixtures cyclopentadiene with cyclopentene 
(1) and 1-octene (2) 96% ethanol over platinum black. 


Hydrogenation Binary Mixtures Platinum Black 


studied the hydrogenation binary mixtures (molar ratio cyclopentadiene with cyclopentene 
and The results are given the table and Fig. Comparison between Figs.3 and shows that 
the rate hydrogenation mixture cyclopentadiene with cyclopentene (Curve octene (Curve 
not greater than that for only cyclopentene octene, respectively. The reactions are zero order, and the 
kinetic curves not suggest selectivity the hydrogenation the separate components the mixture. Tests 
with hydroquinone parallel experiments showed that cyclopentadiene disappeared from the mixture with 
octene only after the addition 160% hydrogen (Experiment 18). the hydrogenation the mixture with 
cyclopentene, cyclopentadiene could still detected the solution after the absorption 37.6 hydrogen, 
which 155.4% the amount hydrogen required for hydrogenation cyclopentene (Experiment 16). Hence, 
the hydrogenation binary mixtures with cyclopentene and octene platinum catalyst, unlike palladium 
black and Raney nickel, brings about nonselective hydrogenation cyclopentadiene. 


SUMMARY 


study was made the selectivity the hydrogenation cyclopentadiene into cyclopentene 
binary mixtures with unsaturated hydrocarbons presence palladium and platinum blacks. 


was found that, like Raney nickel, palladium black brings about selective hydrogenation 
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cyclopentadiene its binary mixture with cyclohexene, but nonselective hydrogenation mixtures with styrene. 
Palladium black differs from Raney nickel that does not bring about selective hydrogenation 
pentadiene its mixtures with diphenylacetylene. presence platinum black, cyclopentadiene not hy- 
drogenated selectively binary mixtures with cyclopentene and 
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RELATIONSHIP BETWEEN THE ACTIVITY AND FINE CRYSTALLINE 
STRUCTURE RANEY NICKEL CATALYST 


Krylov, Kh. Freidlin and Rudneva 


Raney nickel differs from the catalyst obtained reduction nickelous oxide various important 
properties. must refer particularly its high activity hydrogenation reactions, Fischer and Meyer [1] 
and Taylor and Weiss [2] explained the high activity Raney nickel the defect structure its crystal lattice 
and the valence unsaturation its atoms, Aubry [3] and Paul [4] associate the activity this catalyst with 
the presence residual metallic aluminum, and Ipatieff [5] associates with the presence alumina, Raney 
Bougault and coworkers [7], and Vandael [8] consider that Raney nickel However, was shown 
x-ray analysis that the structure Raney nickel completely identical with that metallic nickel [9]. 
Also, Freidlin and coworkers found that the hydrogen Raney nickel chemically heterogeneous, whereas, 
hydride, all the hydrogen atoms should equivalent. They showed that part the sorbed hydrogen enters 
into the composition the active centers the catalyst [10, 11] and, together with the nickel, determines 
the activity the catalyst. investigation the activity Raney nickel freed from hydrogen being 
heated vacuum, Smith and coworkers also arrived analogous conclusion The heterogeneity 


hydrogen Raney nickel was shown also potentiometric method the investigations Sokolsky and co- 
workers [13]. 


New methods have been developed recently for the preparation nickel catalysts for low-temperature 


hydrogenation; was found that all these catalysts contain considerable amounts hydrogen [14]. There 
reason suppose that these catalysts are highly dispersed and that this property determines their ready inter- 
action with hydrogen. Thus, the specific surface Raney nickel attains 100 and more [15], and the 
size the particles [16] 40-80 about one-tenth the size the nickel particles obtained the 
reduction nickelous oxide with hydrogen Rubinshtein found that there optimum degree 
dispersity which metal catalysts have the highest activity hydro-dehydrogenation reactions [17]. 


For nickel catalysts for low-temperature hydrogenation, the relation catalytic activity dispersity 
and lattice defectiveness has not been studied, known that the x-ray interference lines Raney nickel 
are often very diffuse. This may due the small size the crystals (blocks coherent scattering x-rays) 
and distortions the crystal lattice. view the fact that various investigators have associated the activity 
Raney nickel with promotion hydrogen, with the small size the crystals, and with distortions the 
crystal lattice, was essential determine the cause the blurring the x-ray interference lines Raney 
nickel and try establish relation between the fine crystalline structure* Raney nickel and its activity. 


EXPERIMENTAL 


was shown previously [18] that thermal treatment Raney nickel stream nitrogen below 400° 
does not affect its catalytic activity. may supposed that, this case, the physical structure the catalyst 
not appreciably affected spite the fairly high temperature treatment. order verify this supposition 
and determine the causes the blurring the x-ray interference lines Raney nickel powder, made 
study the fine crystalline structure Raney nickel, before and after heating. 


used the method harmonic analysis the profiles the x-ray interference lines [19, 20]. 


known that the broadening lines due not only the properties the specimen (size crystals and the 


crystalline understood the dimensions the primary crystals and the distortions 
the crystal lattice. 
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distortions present), but also the so-called "instrumental effect", i.e., the size the slit the x-ray camera, 
the divergence the x-rays, the form the specimen, 


The total broadening line due the instrumental effect and the properties the sample can 
expressed follows: 


—co 


which h(x) the experimental curve for the distribution intensity over the breadth the line, g(x) the 
distribution intensity over the breadth the line due the instrumental effect, and f(x) the distribution 
intensity over the breadth the line arising from the properties the 


The distributions h(x) and g(x) were obtained photometry the x-ray photographs the specimen 


under investigation and specimen for which the breadth line was determined solely the 
effect. 


Let distance measured along the breadth the line and such that outside the range 
and g(x) are both zero, i.e., the intensity falls that the background the x-ray photograph. 
Within this range h(x), g(x) and f(x) can expressed Fourier 


+o (2) 


+00 


etc. and H(t), G(t) and F(t) are complex amplitudes determined from relationships 
the type: 


xt 


Substituting expressions for h(x), g(x) and f(x) from (2) (1), may obtain relationship between 
these three complex amplitudes: 


Separating real and imaginary parts, obtain: 


The real and imaginary parts H(t) and G(t) can calculated with the aid special With the aid 
(3) the real and imaginary parts F(t) can found, and also f(x) the curve for the distribution in- 
tensity over the breadth line broadened virtue the properties the 
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this expression the coefficients F(t) are calculated without any obvious reference the physical structure 

the specimen, However, the basis the theory the scattering x-rays from small and distorted cry- 
stals the derivation which use made the concept the inverse lattice (to reflecting plane 

the lattice there corresponds lattice point the inverse lattice, and this blurred the case 

small and distorted crystals) may shown that this case the intensity distribution can again represented 
Fourier series, the coefficients which already have definite physical meaning: 


n n 


which distance along line lattice points the inverse lattice, and and are coefficients re- 
quired the resolution the function I(w) into Fourier series. can shown that, the case small 
and distorted crystals, and are determined the equations 


-cos 


which the relative displacement elementary cells due strain the crystal lattice and the coef- 
ficient characterizes the size the crystals. 


Hence, when there are distortions the lattice andB 0), the coefficients the Fourier 
function I(w) are associated with the size the crystals; the case large crystals having dis- 
tortions 0), the Fourier coefficients characterize the extent these distortions. the broadening 
the lines due both factors, will seen from (6) the Fourier coefficients are products coef- 
ficients that take each effect into account separately: 


The expressions for f(x) and are identical form, that the coefficients and are calculated 
directly from (3). 


Transition from the quantity the quantity carried out replacement the experimentally 
selected range for expansion into series, expansion within the range from 
within which the variable the inverse lattice varies. this replacement the change the 
absolute values the coefficients with respect not taken into account because the standardization 
conditions [1]. The value this expansion I(w) into Fourier series determines the number elementary 
cells the crystal along the normal the reflecting plane. 


the relative displacements elementary cells are small have Gaussian distribution, then 


(8) 


this expression the variable replaced its maximum value which given 
0 


which the period the cells along the normal the reflecting plane and the period the ele- 
mentary 
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and its value given (8). 


there are microstrains Z_, the specimen, i.e., 


compression and extension the lattice 
are equally probable, the coefficients and the separate determination and from (6) not 
possible. 


However, making use reflections various orders and taking account the fact that 


plane determined the point intersection the tangent with the axis abscissae, which 


values can measured off directly. 


From the theory this method follows that the form the curve against indicates which 


effect are dealing with any concrete case. Thus, the same for and for two three 


If, however, only distortion present, then 


the tangent the curve coincides with the curve over certain section 


the broadening the line attributable solely the small size the 


neither these conditions hold, then the broadening the line due both effects: 


smallness crystals 
and the presence distortions, 


this method investigated specimens Raney nickel heated nitrogen 300° for and hours 
and 450 and 570° for study was made also specimens the original Raney nickel obtained 
leaching the compound 20% sodium hydroxide solution for two hours 105° and specimens 
Raney nickel freed from hydrogen means benzoquinone, The specimens for x-ray examination were pre- 
pared ramming moist nickel powder into collodion capillary internal diameter 0.3 mm, The photo- 
graphs were taken with radiation ordinary powder camera having drum diameter 57.3 mm, The 
photographs were taken positive fine-grain plate, giving slight effect the 
metric record, Photometry was carried out with MF-4 recording The (111) and (222) 
lines the two halves the x-ray photograph were measured. standard for the determination the 
effect took electrolytic nickel powder, heated vacuum 


Figure gives the curves for the relation and calculated for the investigated 
specimens Raney nickel. our case the B,, were almost zero. The dimensions the crystals, 


calculated from the linear sections the curves, are given the table. Figure gives curves 
against for Raney nickel before and after being freed from hydrogen means benzoquinone. 


For the investigation the effect heat treatment the activity Raney nickel, used the same 
sample catalyst that used for the study the effect heat treatment fine crystalline structure 
vious investigations, new portion catalyst was used each experiment. The heat treatment was 
carried out stream nitrogen. arbitrary measure activity took the slope the kinetic curve 
for the absorption hydrogen the phenyl vinyl ether 96% ethanol 
20°. Hydrogenation the ether was carried out with vigorous agitation ensure that reaction proceeded 


the kinetic region. Before introduction the ether, the catalyst was washed with alcohol and 
saturated with hydrogen under the conditions the reaction. 


The table gives results the effect the conditions heating the activity the catalyst. will 
seen from Fig. (Curves and 4), heating the catalyst for and even hours 300° does not affect 
its activity. The rate reaction presence these catalysts does not differ from the rate presence the 


= 0, 
n 
n=@ 


Fig. Curves for variation Fourier coefficients against 
against for the specimens Raney nickel listed the 

original specimen; 2)- specimens heated 300° for and hours; and 
specimens heated 450° and 


unheated catalyst (Fig. Curve 1). After being 
heated for two hours 450°, the catalyst suffers 
loss activity about 40%(Fig. Curve The 
loss activity still greater after two hours 570°: 
the catalyst retained only 25% its original activity 
(Fig. Curve 2). 


DISCUSSION RESULTS 


will seen from Fig. for all the specimens 


studied the curves for and against 
coincide. This indicates that, the expression for 
the Fourier coefficients (Equation (7)), the coefficient 


for the original (O) and dehydrogenized (+) specimens, 
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Fig. Activities specimens Raney nickel: original; after being 
heated 300°, 
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TABLE 


inutes 
(minutes) (minutes) 100 
127 


Fig. Activities specimens Raney nickel after 
being heated 450°; 570°. 


reflection and characterizes the distortion the 
lattice absent. may supposed, therefore, that the blurring x-ray diffraction lines Raney catalysts 
due mainly the small size the crystals, although there tendency for there departure from the 


conditions equality the derivatives for zero and subsequent values This departure from the 


expected course the curve may due local disorderof atoms the lattice. However, still 
impossible assert unequivocally the absence relation between the catalytic activity Raney nickel and 
the presence lattice distortions. order able necessary study also distortions associated 
with the statistical nonidentity distances between atoms the lattice, which results reduction the inte- 
gral intensity the x-ray diffraction lines. quite probable that such strains are present Raney nickel. 


From the table and will seen that the heat treatment Raney nickel powder for and 
hours 300° the size the crystals does not change appreciably from its original value. Heating Raney 
nickel for two hours 450° and 570° results increase crystal size 1.7 and times, respectively. The 
results catalyst activity are full accord with this: there change activity after treatment 300°, 
but heating 450° and 570° results reduction activity factors 1.7 and respectively. Comparison 
activity and crystal size for Raney catalysts points quite clearly the presence relation between the 
physical structure the catalyst and its This relation confirmed also the behavior Raney 
nickel which regenerated after being freed from hydrogen chemical method [21]. The activity such 
nickel completely restored treatment with hydrogen 300°, because under these conditions appreciable 
changes the physical structure the catalyst occur. the catalyst heated higher temperatures (450° and 
570°) and then treated with hydrogen, its activity not completely restored owing change physical 


would expected, curves (Fig. for Raney nickel before and after being freed from hydrogen 
means hydroquinone coincide within the limits experimental error. The coincidence these curves 
confirms the view that the physical structure the catalyst not affected removal hydrogen bound its 
active centers. The chemical nonuniformity the hydrogen probably due nonuniformity distribution 


the Raney nickel. may supposed that, 
the process formation nickel crystals, hydrogen 
entering into the composition the active centers 
distributed not internodal points the crystal 
lattice does not form solid solution with 
nickel), but the boundary surfaces crystals 
forming particle the Raney nickel powder (Fig. 


Owing the small size the crystals, the 
nickel particle: intercrystallite hydrogen; surface- 
that already found the amount hydrogen 
adsorbed hydrogen; primary crystal Raney nickel. 


bound active centers the catalyst must very 


considerable, possible that the presence such 
intercrystallite layer hydrogen and also, probably, the presence vacant places the crystal lattice 
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prevents the recrystallization Raney nickel, spite high temperature heat treatment. 


Kotova took part the work the x-ray analysis results. 


SUMMARY 


Harmonic analysis was carried out profiles x-ray interference lines specimens Raney nickel 
catalyst untreated, heat-treated, and chemically treated remove hydrogen, was shown that the diffuseness 


the x-ray interference lines Raney nickel catalysts due the small size the crystals (blocks coherent 
scattering x-rays). 


was shown that there relationship between the change produced heat the size the crystals 
Raney nickel and the change catalytic activity, When Raney nickel heat-treated temperatures 
high 570°, the dispersity and activity the catalyst still remains fairly high. 


for the distribution hydrogen Raney nickel proposed. 
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ATTFMPT SET SEMIQUANTITATIVE THEORY MUTUAL 
EFFECTS ATOMS ORGANIC COMPOUNDS 


COMMUNICATION ELECTRON CHANGES BONDS AND CHEMICAL PROPERTIES 
MOLECULES. MECHANISM THE MUTUAL EFFECTS ATOMS 


Bykov 


Thermodynamic (Energy) and Kinetic Factors Organic Every organic compound generally 
capable reacting with other organic inorganic substances several directions with formation different 
reaction products, The predominant reaction will that most favored under the given conditions thermo- 
dynamic and kinetic factors or, more exactly, the resultant these factors, since their effects may opposed. 


The dependence the equilibrium constant given reaction constant temperature and pressure 
the thermodynamic factor expressed the well known equation 


The right-hand side Equation (1) the difference between the energy and entropy factors the reaction. 

room temperature, and low temperatures generally, the energy factor predominating significance, 
and not complicate the problem shall confine ourselves the establishment the relation between 
this factor and the distrubition electronic charges among bonds molecules. That which call the energy 
factor the heat reaction the enthalpy change resulting from reaction, The most favorable direction 
reaction from the point view energy that leading the maximum reduction enthalpy, i.e., that 
associated with maximum heat reaction, Consequently, several directions leading the formation iso- 


meric compounds, the formation the isomer having the highest heat formation will most favored 
the energy 


will seen from Table4 Communication [2], branched hydrocarbons the total 
charge bonds always less, and that bonds always more, than normal The 


Substituting from Equation (2) the previously obtained [2] Equation (3),** obtain 


nHon +2 


This question precisely those aspects interest was recently examined Kireev [1]. 
will recalled that the total electron charges the bonds indicated the subscripts; 


specific electronic energy; the heat elementization the hydrocarbon, and the heat 
n 


atomization hydrogen. 


> 
= 
(3) 
= 


rearrangement which gives 


Since Acc and Acc const and const, may concluded that the heat 
formation will the greater for the isomer having the greater total charge C—H bonds. 


Similarly, the basis Equation (4) Communication [3] may shown that this conclusion can 
extended also unsaturated hydrocarbons, applies also derivatives hydrocarbons when hydrogen 
replaced atom such that the energy the bond lower than that the corresponding 
bond. Thus, may metal, Cl, Br, but not Our conclusion can therefore generalized 
follows: several isomers which can formed from given reactants, the isomer having the highest total 
charge C—H bonds the most favored energetically reaction product (Thesis I). 


For the energy factor, only the enthalpies the initial and final reaction components are significance 
the reaction mechanism the other hand, for the kinetic factor the way which the process effected 
importance. Under given conditions, the highest yield will that the fastest reaction, The rate con- 
stant can taken measure reaction rate. The Arrhenius equation 


(5) 


shows that the rate constant depends the activation energy the temperature and the preexponential 
factor are considering competing similar reactions proceeding the same temperature, the temper- 
ature does not interest us, often done, though with less justification, may neglect the variation the 
factor from reaction reaction and consider that reaction rateis determined mainly activation energy. 


Let examine the relation between activation energy and the electronic structures molecules for the 
cases electrophilic and free-radical substitutions, which may proceed two routes. The first route passes 


through the transitional complex The activation energy can expressed [4] certain 


approximation the sum the energy necessary overcome the repulsion from the carbon atom 
and its environment and which monotonous function function represented curve which 
either continuously rising, always level, continuously falling Publisher] the energy the bond: 


the carbon atoms which are being compared and which replacement C—H may occur are 
united atoms similar then the values for such reactions may approximately 
equal and the differences activation energies will determined mainly The second route depends 
preliminary dissociation the C—H bond, and the activation ener will equal the energy the 
dissocation the bond, which can also regarded monotonous function bond energy. clear that 
Equation (6) and the dissociation energy will the greater, the greater the energy the bond 
and the greater its charge. both cases, competing reactions that can occur between given 
reactants, the substitution reaction the C—H bond having the lowest charge will the fastest 


(Thesis This thesis for electrophilic and free-radical substitution reactions; for nucleophilic sub- 
stitution the position reversed. 


Substitution reactions proceeding the second route are great extent analogous elimination reactions, 


and with respect the latter may formulate the rule: the elimination hydrogen, the C—H bond with 
the lowest -electron charge will broken (Thesis 


These theses the relation heats and rates reaction electron charges bonds enable give 
qualitative explanations many experimentally observed regularities. 


Empirical Rules Organic Chemistry, Thesis the rules formulated organic chemists 


570 


generalizations the processes they study. Thus, rule (1875) for isomerization reactions, which 
states that these reactions proceed the direction resulting the accumulation methyl groups,* follows 
directly from Thesis 


According Zaitsev's rule (1875), the elimination hydrogen halide from halo compound, the 
hydrogen that pairs off with the halogen comes from the least hydrogenated the a-carbon atoms, i.e., 
the bond having the least -electron charge that breaks (Thesis the same time, accordance 
with Thesis the compound with greatest total C—H bond charge formed. was shown later, such re- 
actions hydrogen may sometimes split away from the most hydrogenated carbon the first place, but isomeri- 
zation then occurs accordance with Flavitsky's rule. 


rule (1869) fully accord with Theses and This states that saturated hydrocarbons 
hydrogen atoms the least hydrogenated carbons are the most readily replaced. However, the chlorination 
chloro compounds, which according another rule should proceed with the accumulation 
halogen atoms one carbon, often does not proceed this way [5], although would appear that the rule 
accordance with Theses and evident that this case the principal part played the repulsion 
component the activation energy cx, which is, course, greater for chlorination such direction, 


Owing the enhanced electronegativity carboxyl carbon, the lowest charge carboxylic 
acids should fact found that oxidation and chlorination occur the 
fact that was also pointed out Markovnikov (1868). clear that, when, the course oxidation, a-hy- 
drogen replaced oxygen, the COOH bond, which now adjacent three bonds (whether 
a-hydroxy acid), has now such low electron charge that readily breaks. Similar explanations 
are applicable most bond rupture reactions, including oxidation multiple bonds and C—C bond 
rupture the exhaustive chlorination higher paraffins. 


Electrophilic additions unsaturated hydrocarbons, such 


which proceed accordance with rule (1869), are completely accord with Thesis Already 
1881, Kablukov explained this rule the view that the formation isopropyl bromide energetically more 
favorable than that n-propyl bromide, and are now the position answer also the question why 

energetically more favorable. 


The rules that have considered were formulated for "normal" conditions; not too high temperature, 
absence catalysts, etc. There can doubt, however, that relation can found between the distribution 
electron charges among bonds the reactant molecules and the course reactions under complicated 
conditions, However, scarcely advisable rush too far ahead this matter: shall confine ourselves 
showing that the rules that have considered follow from Theses III and pass the consideration other 
examples, 


Metallation derivatives hydrocarbons are saltlike character, but 
irrespective whether they contain covalent carbon-metal bond carbanion, Thesis tells that the 
substitution resulting their formation most the most hydrogenated carbon atom, Metals have 
electronegativities less than unity (alkali metals have electronegativities ranging from 0.3 for cesium 
0.4-0.5 for lithium the hydrogen scale and therefore with such orientation substitution increase 
occurs the charges the greatest number C—H From the point view the kinetic 
factor (Thesis metallation, electrophilic substitution, should occur most readily the bond 
having the lowest -electron charge. Hence, toluene, for example, Theses and indicate that substitution 
should occur the methyl group. ethylbenzene the energy factor should direct metallation the methyl 


group, i.e., whereas the kinetic factor directs the methylene group, i.e., the 


The possibility exceptions considered the cited article The possibility depends the 
fact that some cases the entropy factor Equation (1) cannot neglected, was done the derivation 
Thesis 


The factual material this section taken from the review article Shatenshtein [6]. 
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Actually, metallation ethylbenzene occurs the a-position, but this position not favorable energetically 
toluene and reaction does not occur readily. such reactions the kinetic factor usually predominant. 


With respect diminishing tendency undergo metallation (or, what amounts the same, diminishing 
acidity) several series can written: 

Triphenylmethane diphenylmethane toluene 
This order corresponds Thesis 
Cyclopentadiene >indene> fluorene diphenylmethane 
The order indicates that the electronegativity ethylene carbon higher than that benzene 


Acetylene ethylene ethane 


This order accord with Thesis for the charges bonds, and therefore also the bond 
energies these compounds, rise the same direction 


Isobutene propene ethylene 


the first two compounds metallation occurs groups, which accord with Thesis because the 
charges C—H and bonds are approximately the 


The tendency saturated hydrocarbons form alkali-metal derivatives can judged indirectly from 


the readiness with which these derivatives metallate given substance, The tendency demetallation di- 
minishes along the series: 


tert-butyl- isopropyl- butyl- methyl-lithium 


This behavior accord with Thesis the 


charge the C—Li bond increases the same 


Atomic and Exchange Reactions, 
zations for the atomic isotopic-exchange reaction 


Neiman, Miller, and [8] made several generali- 


the heat reaction zero, only the effect the kinetic factor need considered (Thesis 


the series the rate isotopic exchange increases rapidly, fact which must 
associated withthe diminution charge and therefore the bond strength the bond 
this series, the electronegativity carbon higher than that hydrogen, the series 
the charge the C—I bond should diminish and the rate isotopic exchange 
This conclusion the same that arrived these authors, precisely similar explanation applies the 


observations these authors that the rate isotopic exchange isopropyl iodide higher than that n-propyl 
iodide. 


The authors compare reaction rates with the reductions the energies the corresponding bonds, but 
are position further and establish the relation between reaction rate and the bond charges which 
the bond energies depend and which are themselves determined the electronegativities the atoms. 


till now have confined ourselves regularities qualitative character, but possible also 
treat the relation between reaction rates and bond charges quantitatively. shall demonstrate this possibility 


cannot into the detail necessary for the explanation this conclusion. will merely point out that 
changes electronegativity unsaturated compounds proceed somewhat differently than saturated compounds. 
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for the reactions 


mole) 
€H 


According Thesis the activation energies 
these reactions should increase with increase the 
charge the bond which breaks during 
most cases the molecule contains 
C—H bonds having different -electron charges, 


and the reaction the bond having the smallest 
Relation activation energies -electron charges charge breaks, The fact that there definite 
bonds. Upper curve common the reactions lation between bond charge and activation energy 
with and the lower refers reactions with clear from the table and still clearer from the graph, 
which enables determine the activation energy 


from the calculated value 


TABLE 


Charges Bonds and Activation 


the electronegativity atom attached carbon having free valence. 
values carbon are taken from Table Communication are 
calculated from the empirical formula (3) given the same paper. 
electron charge bond calculated from (2) Communication €CHy 

and are activation energies the first, second, and third the cited 
reactions, respectively. Values are taken from monograph ex- 
cept for for which was taken from Tikhomirova's dissertation [10]. 

have been obtained [11]. Trotman-Dickenson [12] gives 12.8 


the calculation shows, both radicals have the same probability 
formation. 


have given enough examples show the applicability the general principles formulated the 
author for the unification, explanation, derivation various rules inferred inductively chemists from ob- 
servations the course organic reactions, These examples, and also the material the first two communi- 
cations, provide basis for the following picture the mutual effects 
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Mechanism the Mutal Effects Atoms, accordance with the views developed Butlerov and 
Markovnikov, may now state that the chemical affinities atoms depends the composition and chemical 
structure the molecule, chemical affinity determines the peculiarities interatomic bonds, and the nature 
the bonds manifested the properties the molecule. The basic characteristic chemical affinity 


the valence states atoms their electronegativity; the basic characteristic chemical bonds their electron 
charges. 


Let examine the mechanism the mutual effects atoms for the case acetic and chloroacetic 


and 


O—H 


acetic acid the atoms have definite electronegativities accordance with the molecular structure: 
the carbonyl oxygen more electronegative than the hydroxyl oxygen, and carboxyl carbon more 
negative than the methyl carbon. not know the laws governing changes electronegativity,* 
not yet know the exact differences electronegativity and can discuss them only very general 
the carboxyl carbon has high electronegativity, the electron cloud two contributed the general 
electron system the molecule the hydroxyl oxygen distributed that the greater part belongs the 
bond and the smaller part the O—H bond, result the protonization the hydroxyl hydrogen 


The dissociation constant numerical characteristic this tendency protonization and should 
therefore depend the electron charge the O—H bond. 


When one the hydrogens the group replaced chlorine, the main effect increase 
the electronegativity the noncarboxyl carbon atom, This may regarded follows, Electronegativity 
the attraction the atom core the valence electrons the adjacent Properly speaking, the attraction 
occurs between valence electrons and the atomic nucleus, and the nonvalence electrons the core merely 
weaken this attraction screening the replacing hydrogen acetic acid, chlorine influences the 
electron cloud the noncarboxyl carbon three ways: causes part the cloud valence electrons 
pass from C—C™ and C—H bonds the bond; draws electrons from the inner cloud the carbon 
atom itself; and causes displacement its direction the valence electrons the bond which 
forms with carbon, result all these effects the electronegativity the noncarboxyl carbon atom the 
direction the other bonds This results change the electron cloud the carboxyl carbon: 
its electrons are shifted the bond greater extent than acetic acid, and its electronegativity 
increased the direction the two bonds with oxygen. The electron charge the bond diminished. 
regards the bond, its charge reduced account transfer part the bond and the 
same time increased account the charge the bond, because, owing the increase the 


electronegativity carboxyl carbon, still greater part the electron cloud two -electrons the hydroxyl 
oxygen localized the bond than the case acetic acid. 


This change the distribution electron charges leads the difference between the properties chloro- 
acetic and acetic acids, Owing reduction the electron charge the the nucleophilic char- 
acter the atom must reduced. This conclusion good agreement with the fact that 
anhydrous sulfuric acid, which acetic acid behaves base and forms ions, the basic char- 
acter diminishes the series chloro-, dichloro-, and trichloro-acetic acid. The last acid quite incapable 


The question the dependence variation the electronegativity given atom its immediate 
surroundings arose will seen from Pritchard and Skinner's review quite recently, but the fate 

the whole theory electronegativities depends its solution, 

When there are three bonds disposed the same angle the as, for example, the tert-butyl 
chloride the increase electronegativity the carbon atom attached the chlorine will the same the 
directions the other three flat molecules which the central atom has coordination number 
four, the same circumstances will obviously not result identical changes the electronegativity the central 
atom the directions other three bonds, but the change will greatest the direction opposite the bond 
with chlorine. Hence, the attachment the atom trans the chlorine will weakened greater extent 


than the other two linkages. This, evidently, the nature the trans effect. 
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forming such and its solution anhydrous sulfuric acid, unlike those and di-chloroacetic acids, 
nonconducting. Owing reduction the electron charge the bond, protonization the hydroxyl 
hydrogen facilitated still greater extent, and the dissociation constant increases. this way that 
the influence the chlorine atom entering the molecule brought play oxygen and hydrogen atoms 
the other end the molecule. 


Conclusion, The author has expounded the main principles the theory that has developed three 
communications, With the aid series examples has shown the possibility qualitative and quantitative 
interpretations the physical and chemical properties organic compounds based the concepts electron 
charges bonds and variable electronegativities atoms. The most stringent critic cannot deny that, spite 
the great variety these properties, they have been examined from single point view and the methods 
used are simple and accessible chemist not specially trained mathematics theoretical physics, The 
necessity keeping within the scope journal article and the desire present the material the most 
compact form did not allow the author discuss the question the structures and properties aromatic and 
unsaturated compounds with conjugated bonds, examine the relation between the distribution electron charges 
among the bonds and the geometry the molecule, etc, the calculation constants and other quantities 

made analysis the possible errors associated with the inaccuracy the original data the form 

the functional relationship, that the numerical results our calculations cannot pretend finality, though 
there are grounds doubt the reliability their relative 


Finally, this investigation have made attempt re-examine critically and from new angle 
the basic concepts and schemes modern electron theory chemical structure and mutual effects 
All this task the future. 


short account this investigation, mainly its physical aspects, was given session the Scientific 
Council the Theory Chemical group formed the Division Chemical the 
Academy Sciences the Chemistry Department Leningrad University and the Physical Chemistry 
Department Moscow University. 


The author expresses his thanks the organizers the discussion this work and those who participated 
the discussion. also thanks Volkenshtein for his remarks the manuscripts the first two communi- 
cations. greatly indebted Poroshin for support and constant interest the work, 


SUMMARY 


wasshown that there relation between the thermodynamic (energy) and kinetic factors 
chemical reactions, the one hand, and the electron charges bonds the reactant molecules, the 
Three theses were formulated, and was shown that from these theses can derive rules, found earlier 
empirical methods, for the direction organic reactions and also regularities observed the metallation 
hydrocarbons and certain atomic and free-radical exchange was shown that there relation 
between activation energies and electron charges bonds. 


qualitative interpretation the mechanism the mutual effects atoms was illustrated 
the examples ofacetic and chloroacetic acids, the course these considerations was suggested that the 
directional variation the electronegativity atom the cause the trans effect. 
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KINETICS AND CHEMISTRY THE POLYCONDENSATION ESTERS 


COMMUNICATION EFFECT CARBON DIOXIDE THE COMPOSITION 
POLYCONDENSATION PRODUCTS GLYCINE ETHYL ESTER 


Kozarenko, Poroshin and Yu. Khurgin 


previously studied the effect carbon dioxide the rate polycondensation esters 
was shown that the rate condensation rises the amount carbon dioxide added glycine ethyl 


ester increases. This rise, course, continues only certain limit, and found that when this reached 
the reaction rate falls. 


the polycondensation glycine esters does not proceed very far the course the first twenty hours 
and the mean degree polycondensation does not exceed 6-8, great differences the qualitative com- 
position the polycondensation products formed with different concentrations carbon dioxide are not 
expected, was fact found that, chromatographic investigation, appreciable differences the 
qualitative composition the polycondensation products obtained different values the ratio 
the initial molar concentrations carbon dioxide and monomer) were detected. must expected, however, 


that the ratio the contents the individual components various stages reaction may depend the 
initial carbon dioxide concentration. 


known that the polycondensation esters accompanied formation not only peptide 
esters, but also appreciable amount piperazinediones. The content the latter depends the identity 
the a-amino acid [4, and the reaction conditions [2]. 


This paper describes investigation the compositions polycondensation products glycine ethyl 
ester obtained different initial carbon dioxide concentrations 0.01, 0.02, 0.04, The products 
were investigated after removal monomer (glycine ethyl ester), which ensured that the polycondensation 
products were fairly stable composition, since peptide esters react only extremely slowly among themselves. 
the investigation the composition the polycondensation products, used methods that had developed 


previously for determining 2,5-piperazinedione [5] and for studying the peptide composition (differential tit- 
ration [6]). 


EXPERIMENTAL 


Isolation Polycondensation Products. The ampoules were opened, and the contents, which consisted 
the polycondensation products, unchanged monomer (glycine ethyl ester), and ethanol (by-product), were 
transferred beaker containing ether, complete transference being ensured washing the walls the am- 
poule with The reaction products were vigorously rubbed out with the ether until fine uniform suspension 
was produced. Particular care the treatment the products was necessary when dealing with the earlier 
stages reaction, when 80-90% unchanged monomer was present. These products contained some ethyl 
esters lower peptides, which are partially soluble the monomer. result, fairly viscous mass was 
obtained which contained mixture peptide esters that tenaciously retained part the glycine ethyl ester. 
When the solid mass had settled, the ether solution monomer was removed filtration, the residue the 
filter being washed several times with dry ether until the removal glycine ethyl ester was 
atographic check was made the solid part for absence glycine ester and the ether extract for absence 
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peptide esters. The solid polycondensation products were weighed, and the yield, based the original 
weight monomer, was determined The polycondensation products were white powders, which were 
partially soluble water and weakly alkaline solutions. 
log 


Fig. Yield polycondensation products glycine 
ethyl ester for different initial amounts carbon 

dioxide, the values being 0.01; 0.02; 
0.04; 0.08. 


Fig. Yield polycondensation products gly- 
cine ethyl ester for values of: 0.01; 


Figure gives experimental values yield 
polycondensation product experiments dif- 
ferent initial carbon dioxide concentrations stopped 
different stages The maximum the- 
oretical yield 0.53. Figure shows 
that the polycondensation process can 
into two stages, the first which characterized 
very slow reaction. similar phenomenon has 
been observed previously for the polycondensation 
the ethyl esters glycine and alanine [1]. 
However, these last cases the duration the slow 
stage, which was followed analytically the dimi- 
nution amino nitrogen the mixture (product 
monomer), was independent the initial carbon 
dioxide will seen from Fig. 
that the duration the slow stage diminishes with 
increase and even almost inappreciable 
high values however, even these curves can- 


Fig. Chromatographic separation polycondensation not extrapolated zero. 


products glycine ethyl ester 0.08), Duration 
polycondensation: minutes; 105 minutes; 


the second stage there relatively rapid 
rise the yield polycondensation products. 
spite the differences the form the curves 


Fig. the second stage the polycondensation 
forms the same kinetic laws, irrespective the initial concentration carbon dioxide. This readily seen 
from Fig. which the same relationship expressed with the aid logarithmic scale, 


The experiments high values proceeded somewhat differently from those and the 
compositions and properties the products will described further communication. 


Chromatographic Investigation the Composition the Polycondensation Products. For the qualitative 
investigation the polycondensation products used the method partition chromatography paper. The 
chromatograms were prepared the systems: butyl alcohol acetic acid water pyridine butyl 
alcohol water 35), and phenol water (4:1). order eliminate the effect heavy-metal salts 
present the paper, the mobile phase was given addition 0.1% Trilon with which these metals 
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form soluble complexes that move with the solvent front. The chromatograms were prepared chromatographic 
paper No, the Leningrad Paper Mill and also the chromatographic paper the Goznak Leningrad 
Mill. The spots containing peptide esters were developed with ninhydrin and also the method Rydon and 
Smith [7, 8]. The latter method has several advantages, for, apart from its higher sensitivity, permits the 
detection piperazinediones well peptide values were determined for peptide esters and 
piperazinedione (Table). 

TABLE 


Values for Ethyl Esters Glycine Peptides and Piperazinedione Butyl 
Acetic Acid Water (4:1: 5). 


Ethyl ester Triglycylglycine 
Glycine Tetraglycylglycine 
Glycylglycine Pentaglycylglycine 
Diglycylglycine 

Piperazinedione 


the use systems containing butyl alcohol for the chromatographic separation, succeeded ob- 
taining good separation peptide esters. All the polycondensation products investigated contained different 
amounts the lower peptide esters. The fractions obtained the greatest amount were ethyl esters 
glycine peptides. all stages the reaction there were relatively small amounts dipeptide ester, and the 
very early and late stages the amount glycylglycine ester (products obtained 0.08 were investigated) 
formed was negligibly small (Fig. 3). the early stages the process, when there was considerable excess 
glycine ester monomer, glycylglycine ester was rapidly consumed, both conversion into piperazinedione 
and the formation diglycylglycine ester. the monomer became exhausted and the polycondensate 
solidified, the rate which diglycylglycine was formed fell that there was certain accumulation gly- 
cylglycine ester, which was gradually used conversion into For 0.08 the greatest 
amount glycylglycine ethyl ester was found the products obtained after 2.5-3 hours from the start 
reaction, investigation was carried out chromatographically polycondensation products obtained under 
different conditions. was found that diglycylglycine ester was present these the highest amount. Pep- 
tides having longer chains were present amounts that decreased with chain length. This indicates that the 
main reaction the process under study addition monomer peptide esters and not reaction peptide 
esters among themselves, fact known from the literature [9-13] that reaction between peptide esters 
(in reaction under very severe conditions) very slow. The rate addition monomer peptides greater 
than the rate interaction glycylglycine ester, otherwise there would more tetrapeptide than tripeptide 
the early stages reaction. probable that the rate formation the dipeptide ester limiting 
factor all the processes occurring the polycondensation, because glycylglycine ester the starting point 
for the formation both piperazinedione and the tripeptide ester, and therefore the higher peptides. 
may suppose, therefore, that the initial concentration carbon dioxide affects primarily the process for- 
mation the dipeptide ester, which has determining effect all the succeeding reactions. 


Titration the Polycondensation Products. The rate which the piperazinedione content 
increases associated with the content glycylglycine ester the reaction mixture. Measurements the 
piperazinedione content the reaction mixture various stages reaction confirmed the conclusions drawn 
from the chromatographic results the composition the polycondensation products, Piperazinedione was 


determined the method described previously The results determinations piperazinedione the 
solid phase are given Fig. 


From these results will clear that piperazinedione comprises 30-40% the total amount products 
the early stages reaction. This arises from the fact that, the early stages, before the accumulation 
sufficient amount linear peptides, the rate conversion diglycine ethyl ester into piperazinedione ex- 
ceeds the rate formation linear peptides, the first place glycylglycine ethyl ester. reaction proceeds, 
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the concentration peptide esters increases and the 
monomer consumed more and more the lengthen- 
ing linear peptides. Hence, the relative amount 
piperazinedione the polycondensation products falls 
continuously. With increase the initial concentration 
carbon dioxide, the initial concentration 
zinedione reduced result more rapid growth 
linear chains this case. However, the final con- 
centration piperazinedione the polycondensation 
products about the solid phase, irrespective 
the initial carbon dioxide concentration (Fig. does 
Fig. Piperazinedione content polycondens- not show results measurements for experiments 
lasting more than hours), 
ation products glycine ethyl ester for values of: 


the differential-titration method [6] the 
content the total di- and tri-peptides and the so- 
called fraction can determined 
simultaneously with the determination The fraction contains peptides having 
longer chains than tripeptides and, depending their chain lengths, able combine with different numbers 
copper atoms when forming complexes. Hence, data the fraction, which merely 
give indication the mean chain length peptides longer than tripeptides (this true for the polypeptides 


investigated here, which have mean degree polymerization not more than eight), will not given 
this 


the chromatographic investigation showed, the amount dipeptide ester the polycondensation pro- 
ducts glycine ethyl ester small comparison with that diglycylglycine ester, and may neglect it. 
With adequate accuracy, therefore, may regard the quantitative data the total amount di- and tri- 
peptides referring tripeptides, Figure gives kinetic curves for the content diglycylglycine ester 
the polycondensation products (in the solid part these) different initial carbon dioxide concentrations, 
will seen from these results that the time corresponding maximum content tripeptide ester diminishes 
with increase the initial carbon dioxide concentration. For 0.01 and 0.02, the form the curves in- 
dicates comparatively slow accumulation tripeptides and their maximum content observed before the com- 
plete solidification the polycondensate, when there still considerable amount unchanged monomer, but 
longer sufficient for the formation appreciable amounts glycylglycine. possible that chain growth 
formation esters tetrapeptides and still longer peptides explains the rapid diminution the amount 
tripeptide ester, right the moment almost complete solidifation the reaction high carbon 
dioxide concentrations 0.08),when all processes proceed fairly vigorously, there rapid rise the amount 


Fig. Content ethyl ester diglycylglycine Fig. Content ethyl ester diglycylglycine 
polycondensation products glycine ethyl ester for (relative initial weight monomer) 


tripeptide and comparatively slow fall, because the moment corresponding maximum concentration 
tripeptide ester the reaction mixture the glycine ethyl ester exhausted the extent almost 75%. 
The case intermediate. Fig. which contents tripeptide ester calculated the initial 
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amount monomer are given, the characteristic feature the polycondensation process initial carbon 
dioxide concentration 0.04 can seen. this case, after the first four hours reaction the rates 
formation the tripeptide ester and its consumption the formation the tetrapeptide ester are identical, 


that the amount diglycylglycine ester remains constant. 
SUMMARY 


investigation was made the compositions polycondensation products glycine ethyl ester 


various stages reaction with additions carbon dioxide initial concentrations relative the amount 
monomer 0,01, 0,02, 0.04 and 0,08, 


was shown that the reaction mixture contains very little glycylglycine ethyl ester because the rate 


which formed lower than the rate which transformed into piperazinedione and diglycylglycine 
ethyl 


study was made the effect the initial carbon dioxide concentration the piperazinedione and 
tripeptide ester contents different stages reaction. 


the first stages reaction the principal part played addition monomer peptide esters, 
whereas the reaction peptide esters among themselves has effect the course 
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STABILITY THE SILICON-CARBON BOND ALKOXY(ALKYL)SILANES 
CONTAINING ETHER ESTER GROUPINGS TOWARD NUCLEOPHILIC 
AND ELECTROPHILIC REAGENTS 


previous paper [1] reported the synthesis some alkoxy(alkyl)silanes and acetoxy(alkyl)silanes 
containing various ether and ester groupings the organic radical. The present paper reports the synthesis 
new compounds this series and study the stability hydrolysis the bond between silicon and the carbon 
the organic radical carrying the ether ester grouping. 


Papers have appeared the study the stability the bond toward nucleophilic and electrophilic 
reagents, but they are all concerned with the stability hydrolysis tetrasubstituted silanes having radical 


containing particular functional group. There is, for example, indication that organosilicon compounds 


structure readily suffer elimination the organic group under the action electrophilic and 
nucleophilic reagents [2]. 


Ethyl (trimethylsilyl)acetate loses the ethoxycarbonylmethyl group when treated 
with dilute acids and alkalis, bromine, dry hydrogen chloride, and absolute ethanol [3]. the other hand, 
mination the polar group observed even treatment with concentrated sulfuric acid, but only elimination 
methyl group with liberation methane and formation disiloxane [4, 5]. 


There are reports the literature organosilicon compounds containing ester groups the organic 
radical the form and with simultaneous presence the silicon alkoxy 
and acetoxy groups readily removable hydrolysis. the present work have investigated the stability 
hydrolysis alkoxy(alkyl)- and acetoxy(alkyl)-silanes containing ether ester grouping the alkyl radical. 
The following compounds were subjected hydrolysis: 


SiCH 


COOC;H,; 


The synthesis the first two esters was carried out follows: 


The synthesis alkoxy(alkoxyalky)silanes was carried out follows: 


be 
ire 
2 
: 


CICH, 

CICH, CH,OCH, 

CH, 


Acetoxy(acetoxymethyl)silanes were prepared reaction with anhydrous 
potassium acetate: 


reaction: 


These compounds were hydrolyzed neutral, acid, and alkaline Alkaline and acid hydrolyses 
were carried out presence aqueous solutions sodium hydroxide and hydrochloric acid, respectively. 
Hydrolysis the compound should proceed according the following scheme [6], the 
ethaxycarbonyl group not eliminated: 


CH,COOC,H; n 


With only slight differences, hydrolysis proceeds the same way also for compounds containing the groups 


The hydrolysis products from diethoxy(ethoxymethyl)methylsilane are clear colorless The elementary 
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compositions the products indicate partial elimination the ethoxymethyl group. acid medium the 
extent which elimination occurs greater than alkaline 


The hydrolysis products from diacetoxy(acetoxymethyl)methylsilane are viscous clear liquids. The ele- 
mentary composition these liquids corresponds repeating unit structure 


n 


Hence, irrespective the medium which the hydrolysis occurs, almost rupture the silicon-carbon bond 
the grouping takes place. 


The experiments showed that, the hydrolysis 
tate] which have groups, elimination the group occurs both with 


philic and with nucleophilic reagents. the case alkaline hydrolysis scission the bond proceeds 
follows: 


' 


For the elimination the group the case electrophilic attack hydrogen 
ion, the following mechanism may suggested: 


2 


Our experiments confirmed the hydrolysis mechanism assumed for diethoxy(ethoxycarbonylmethyl)ethyl- 
and and the complete elimination the ethoxycarbonylmethyl 
group. The products both acid and alkaline hydrolysis are brittle polymers, sparingly soluble toluene 
and corresponding approximately elementary composition The elimination the 
ethoxycarbonylmethyl group therefore almost complete (see Table 1). 


the hydrolysis alkaline medium, the 
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ester grouping not torn away from the silicon, Elementary analysis the hydrolysis product shows that partial 
hydrolysis the silicon-attached ethoxy groups occurs under the given hydrolysis acid 
medium almost complete elimination the ester grouping 


TABLE 


Elementary composition 
name com- ompoun 


et Sliane 


carbohylmethyl) 
phenylsilane 


EXPERIMENTAL 


The procedure used has been described previously 


Dibutoxy(chloromethyl)methylsilane was prepared treatment 
with butyl alcohol, The reaction was carried out three-necked flask fitted with stirrer, reflux condenser, 
dropping funnel, and thermometer. Absolute alcohol (148 was added from the dropping funnel 163.5 
dichloro(chloromethyl)methylsilane, b.p. 120°, contained the flask. The mixture was then heated 
100° until HCl vapor had been removed. Fractionation gave 136.6 (57.0% 
silane, b.p. 


Dibutoxy(methoxymethyl)methylsilane was prepared follows: 119 
silane was added from dropping funnel sodium methoxide, prepared from 12.5 sodium and 
methanol, contained three-necked flask. The liquid was separated from the precipitate, and distillation 
gave 37.5 (32% fraction b.p. 0.8895; 1.4115; found calculated 


reaction between (83 and absolute ethanol (67 g). The procedure was before, 
and 47.5 (49%) was isolated. 


was synthesized similarly dibutoxy(methoxymethyl)methylsilane. 
(Chlorom (47.5 was dropped from dropping funnel into three-necked flask containing 
sodium methoxide prepared from 20.0 absolute methanol and 5,1 sodium The triethoxy 
found calculated 52.96, 
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This was prepared reaction chlorodiethoxymethylsilane with sodioacetoacetic ester. 


Chlorodiethoxymethylsilane was prepared partial etherification trichloromethylsilane with ab- 
solute The procedure was similar that used the preparation 


The reactants were and absolute ethanol (125 ml). The product, amounting 
85.0 (50.1%), boiled 


The synthesis was carried out three-necked 
flask fitted with stirrer, reflux condenser, dropping funnel, and thermometer. Finely granulated sodium (10.7 
obtained shaking molten sodium xylene closed flask was placed the reaction flask and covered with 
800 ether. Acetoacetic ester (60.9 was added from the dropping Some heat was evolved, and 
the acetoacetic ester was added such rate that the ether boiled gently. When the whole the acetoacetic 
ester had been added, the mixture was boiled for three hours. The mixture was cooled, and chlorodiethoxymethyl- 
(79.0 was added from dropping funnel; the addition was accompanied gentle boiling the ether. 
When addition was complete, the mixture was heated 36-38° for hours. The precipitate was then filtered 
off with Buchner funnel, Distillation gave 16.4 (27.7% 
silane, 148-150°; yield 27.7% 1.3968; found 67.08; calculated 66.39. 


prepared reaction chlorodiethoxyethylsilane with sodiomalonic ester. 


Chlorodiethoxyethylsilane was prepared the etherification 163.5 trichloroethylsilane with 


92.0 absolute ethanol, The procedure was before, and 135 (73.1% chlorodiethoxyethylsilane, b.p. 
was obtained the fractionation, 


The procedure the synthesis was analogous that 
Finely granulated sodium was placed the 
reaction flask and covered with 200 ether. Malonic ester (14.4 was added from dropping funnel. 
The sodium reacted vigorously. After addition the whole the malonic ester and heating the mixture 
for two hours, chlorodiethoxyethylsilane (23,1 was added. Filtration and vacuum fractionation 


calculated 77.47. 


Hydrolysis The hydrolysis was carried out glass 
beaker provided with stirrer and thermometer. Diethoxy(ethoxycarbonylmethyl)phenylsilane (5-7 was mixed 
with equal weight NaOH solution, depending the reaction conditions, The mixture was 
heated for two hours The oily layer was then separated from the aqueous layer, washed with 25% 
calcium chloride solution (to remove ethanol formed the hydrolysis) and with water, and then 
constant weight. The oils formed white brittle solids, which melted when heated; their elementary com- 
positions and ethoxyl contents were determined. 


Diethoxy(ethoxycarbonylmethyl)ethylsilane, The hydrolysis procedure was similar. The 


product alkaline hydrolysis formed white powder, and the acid-hydrolysis product was very viscous 
clear 


Table gives the elementary compositions the original substances, 
silane and and their acid- and alkaline-hydrolysis 
will seen that the elementary compositions the hydrolysis products are almost the same those 


ponding the repeating unit siloxane chain which the ethoxycarbonylmethyl group has been completely 
eliminated, 
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Hydrolysis The hydrolysis was carried out under similar 
conditions, Clear colorless gels were obtained. Table gives the elementary compositions the acid- and 
alkaline-hydrolysis products, and may concluded that elimination the group occurs 


slight extent alkaline hydrolysis and somewhat greater extent acid 


TABLE 


hydrolysis 


Formula and 
n 


CH, 


n 


silane 


Hydrolysis Diacetoxy( The hydrolysis was carried out under similar 


conditions, except that the case alkaline hydrolysis aqueous NaOH was taken order neutralize the 
acetic acid eliminated the hydrolysis. When hydrolysis was complete, the aqueous layer had weakly alkaline 
reaction, The hydrolysis products were very viscous clear oils, Table gives elementary compositions and 
acetoxy contents the products neutral, acid, and alkaline hydrolysis, These results show that, irrespective 

the medium which the hydrolysis carried out, practically elimination the group 


TABLE 


Formula and name com- CH,OCOCH 
4 s 
und hydrolysized CH,OCOCH 
n n 


17,9 


CH,OCOCH 


Elementary composition 


hydrolysis 


methylsilane 


The hydrolysis was carried out 


under similar conditions, the hydrolysis with NaOH solution, the oily layer was clear mobile liquid, 
readily soluble organic solvents, but the acid-hydrolysis product was white insoluble infusible powder. From 
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TABLE 
Product 
NaOH 


the elementary analysis (Table may inferred that alkaline hydrolysis the ester grouping not eli- 
minated, whereas acid hydrolysis reaction with scission the silicon-carbon bond proceeds almost 


SUMMARY 


The following compounds were synthesized for the first time: 
triethoxy(methoxymethyl)silane, and (bisethoxycarbonyl- 


was shown that, the hydrolysis diethoxy(ethoxycarbonylmethyl)ethylsilane and diethoxy(ethoxy- 
alkaline and acid media, elimination the group 


was shown that, the hydrolysis diethoxy(ethoxymethyl)methylsilane, hydrolysis silicon- 
attached ethoxy groups accompanied partial elimination the ethoxymethyl group, the extent the eli- 
mination being greater acid medium than alkaline medium. 


the hydrolysis diacetoxy(acetoxymethyl)methylsilane, rupture the silicon-carbon link the 
grouping does not occur any appreciable extent either alkaline acid media. 


Alkaline hydrolysis does not result rupture 
the link between silicon and the carbon the ester grouping. Such rupture does occur acid hydrolysis, 
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SYNTHESIS ORGANOSILICON COMPOUNDS CONTAINING AMINE NITROGEN 
AND THEIR REACTIONS WITH NUCLEOPHILIC AND ELECTROPHILIC REAGENTS 


Various methods are described the literature for the preparation organosilicon compounds containing 
amino nitrogen the organic radical, Such compounds were prepared and Panina [1] the reduction 
nitro compounds This method suitable only for the synthesis tetrasubstituted silanes, Benkeser 
and coworkers [2, obtained (trimethylsilyl)anilines and reduction the corres- 
ponding nitro compounds over Raney nickel. 


the action dimethylaminophenyllithium silicon tetrachloride atmosphere nitrogen, Gil- 
mann and coworkers [4] obtained compounds composition Fleming [5] obtained 
p-(triethoxysilyl)aniline reaction p-chloroaniline with lithium and 


Recently, considerable importance has been acquired the reaction replacement halogen 
organic radical the amino group. Thus, reaction with ammonia and amines 
gave the corresponding [6-8]. 


With ammonia gave 1-(ethoxysilyl)methylamines [6], and with aniline and 
N-ethylaniline they gave and re- 
spectively [9]. Treatment bischloromethyltetramethyldisiloxane with ammonia and with amines gave the 
corresponding [10-12]. George [13] studied the amination 
methyldisiloxane and (chloromethyl)heptamethylcyclotetrasiloxane, regards the stability the bond 
when the radical contains amine nitrogen, there are data the action chemical reagents only the case 
tetrasubstituted 


stated [14] that m-(triethylsilyl)aniline not decomposed hydrochloric acid caustic alkali, but 
p-(triethylsilyl)aniline, the other hand, decomposes with formation the silanol and aniline. Sommer 
showed that, when 1-(trimethylsilyl)methylamine treated with concentrated sulfuric acid, one methyl group 
splits off and bisaminomethyltetramethyldisiloxane The presence bond the molecule 
affects the stability the bond; thus, 1-(trimethylsilyl)methylamine more stable scission the 
linkage than (aminomethyl)pentamethyldisiloxane [15]. 


Hydrolysis gave the corresponding nitrogen-containing siloxanes the 
present investigation studied the reactions and (chloromethyl) 
thoxymethylsilane with morpholine, o-chloroaniline, and diethylamine. was found that morpholine reacts 
with follows: 


CH, 
CH, CH, 


4 
_ 
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The reactions o-chloroaniline with and with 


dimethylsilane gave and 
Janiline: 


Study the reaction between and 2-(trimethylsiloxy)ethylamine showed 
that proceeds follows: 


not isolated the pure state, but its hydrolysis gave 


was obtained reaction hexamethyldisilazane with 2-aminoethanol 
(yield and also the action 2-aminoethanol chlorotrimethylsilane with simultaneous passage 
ammonia gas. The reaction probably proceeds follows: 


The table gives the physical properties the new compounds obtained, 


For which prepared previously [9], investigated the stabi- 
lity the bond toward nucleophilic and electrophilic reagents. The group attached 
silicon, which linked also two ethoxy groups. this case the polarizability the link greater 


than tetrasubstituted silanes containing amino group the radical, and higher sensitivity the 
bond scission would expected. 


was found that hydrolysis Janiline alkaline medium 40° and 
90° went according the scheme: 


The ethoxy groups are split off, but the group remains attached silicon under these conditions. 
the course the hydrolysis polymer the following composition was formed: 7.8%, and 

15.4%. This corresponds the polymer indicated Equation neutral medium 40° and 90°, the 
hydrolysis again proceeds according (1). 


acid medium hydrolysis proceeds not only the ethoxy groups, but also, slight extent, the 
bond. With increase the acidity the medium there appreciable increase the extent which 
scission occurs with elimination the anilinomethyl group. Reaction proceeds follows: 


zx C.H;NHCH,CH,Si (OC2Hs)e 2x H,0 = 2x C.H;0H 


Thus, hydrolysis and 1.0 gave polymers containing 7.5% and nitrogen, respectively, and 
0.5 and 2.2 N-methylaniline hydrochloride were isolated. 
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(8) 


(9) 


"HO 


/7HOHO \ 


(81) 
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product was isolated which analysis indicated 


CH, 


CH, CH, CH, 


EXPERIMENTAL 


Characteristics Starting Materials. used the following starting materials; (chloromethyl)- 


aniline, b.p. 1.2132; 2-aminoethanol, b.p. 75-79° (11 mm), 1.4525; from cylinder; 


and 17.4 (0.2 mole) morpholine was prepared flask and stirred for five 
hours 100°, The precipitate was separated and washed with ether. Vacuum fractionation the filtrate gave 


Preparation similar way, 7.7 (0.05 mole) (chloro- 
and 8.7 morpholine gave 3.5 (45.3% product, 102-103° (18 mm); 
1.4455, 0.9502; found 56.6, calculated found 187, calculated 197 


and 56.3 (0.49 mole) gave 15.3 (34.9% product, 


b.p. mm); 1.5050, 1.096; found 74.01, calculated 73.88; found 267, calculated 
273.5 


Found 52.56, 52.60; 6.70, 6.94; 9.70; 5.12, 5.14; 12.5. 


b.p. 132-133° mm); 1.065; found 68.56; calculated 68.45; found 247.5, calculated 
243.5. 


Preparation similar way, 31.2 (0.5 mole) 
and 109.6 (1.5 mole) diethylamine gave (72.7%) product b.p. 
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(30 mm) and (11 4210, 0.8770; found calculated 63.39; found 
206, 202, calculated 219 


54.8; H11.4; 6.4; 12.8 


Preparation stream dry ammonia was passed into 219 (2.0 
moles) chlorotrimethylsilane and simultaneous addition was made 122 (2.0 moles) 2-aminoethanol 
from dropping funnel with constant stirring. When the addition was complete, passage ammonia was stopped 
and 500 dry ether was added the thick The reaction mixture was stirred for four hours room 
temperature. The precipitate formed was filtered off and washed with ether, Fractionation the filtrate gave 
145 (53% product, b.p. 1.4165, 0.856; found 39.14, calculated found 

140, calculated 133 


Found 44.5; 10.8, 11.0; 21.2, 19.0; 10.7, 10.9. Calculated 


mixture 33.8 (0.21 mole) hexamethyldisilazane and 25.7 (0.27 mole) 2-aminoethanol 
was stirred three-necked flask for 2.4 hours Fractionation gave (80% product, b.p. 
136°; 1.4165, 0.860; found 39,07. 


methylsiloxy)ethylamine was stirred flask for hours 100-120°, The reaction mixture then formed 
homogeneous liquid containing chloride ions. This indicated that substitution reaction had occurred, but 
crystalline precipitate characteristic for amine salts was formed. Fractionation gave 6.2 unchanged 
found 67.15, calculated 67.36; found 218, 220; calculated 219 


Found 48.8, 48.7; H11.5, 11.3; 24.8; 6.33, 6.54. Calculated 
49.3; 11.4; 25.6; 6.39 


dark-yellow viscous liquid (8.0 containing chloride ions remained the flask. was treated with 
30% sodium hydroxide solution, The upper layer was separated from the lower, aqueous layer, dried over sodium 
hydroxide, and fractionated. The hydrolysis product then gave 3.0 b.p. 98-100°, 
9.5%; found calculated This product was 


For the literature [7] gives b.p. 101° (24 mm), 1.4461, 


(17.0 was added 25.0 0,1 NaOH, and the mixture was stirred for minutes. Al- 
cohol (10 and ether (15 were added the white emulsion formed. The ether layer was separated from 

the aqueous layer. white crystalline substance (3.5 was isolated from the ether layer. After recrystalli- 
zation from ether the substance had m.p. found 537, calculated 511 


Found 56.59, 57.8; 6.3, 6.7; 15.8; 8.1; 
Calculated 56.36; 6.84; 16.43; 8.22; 0.97 
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carried out three-necked flask fitted with stirrer, dropping funnel, reflux condenser, and ther- 
mometer. The flask contained 0.1 HCl, which was heated 90° and stirred while 24.0 (0.1 mole) 
Janiline was added over period seconds. The reaction mixture was 
stirred for three hours 3°, Ether was added improve the separation the organosilicon polymer from 
the aqueous The ether layer was separated and washed with distilled water until tests for chloride were 


negative. Ether was evaporated desiccator until the product gel-like polymer attained constant 
weight 13.4 


Found 53.95, 55.0; 6.5, 6.7; 18.6; 7.1, 7.67. 


The aqueous layer was treated with alkali, that the amine salt was converted into the free base. The 
amine was extracted withether, and the extract was dried over sodium Dry hydrogen chloride was 


passed into the ether solution, and 0.5 white crystalline precipitate was obtained; 120°; 22% 
absent. 


When 24.0 (0.1 mole) Janiline was hydrolyzed with 1.0 90°, 
8.0 brittle gel-like polymer was obtained. 


Found 19.7, 19.8; 6.0, 5.7 


The aqueous layer yielded 2.2 substance b.p. 75-80° (10 mm), which with dry hydrogen chloride 
gave white crystalline precipitate, m.p. 119°; 23%. 


was added with stirring. Stirring was continued for three hours this temperature. The 
mixture was then cooled and extracted with ether. The ether layer was separated, washed with distilled water 
until the washings were longer alkaline phenolphthalein, and treated twice with dilute hydrochloric acid 
convert any free amine (which could formed scission the bond and become mixed with the 
organosilicon polymer) into its salt. The ether layer was then washed with distilled water until tests for 
were negative. Ether was evaporated desiccator until the product attained constant weight. 


Found 58.37, 58.45; 7.12, 7.00; 15.5; 7.5, 7.8 
x 


methylaniline salt was detected the aqueous solution. 


Janiline was added. Stirring was continued for three hours this temperature. Ether was 
added improve the separation the polymer from the aqueous layer. The aqueous layer was separated and 
extracted twice with ether. The ether extracts were combined with the ether layer and washed with distilled 
water until longer alkaline Ether was evaporated from the ether layer under reduced 
pressure, and the residue was heated 80° mm) (in the vapor) remove methylaniline that could formed 


scission the bond; nothing distilled off. The resulting viscous polymer amounted 7.7 (the the- 
oretical amount was g). 


Found 58.3, 58.0; 6.9, 6.2; 16.5; N6.9, 6.5 


was added. Stirring was continued for three hours this temperature. When hydrolysis was 
complete, the mixture was cooled and addition was made ether and 2.5 1.0 NaOH neutralize 
the acid and convert the amine salt into the free base. The aqueous layer was separated and extracted twice 
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with ether. The ether extracts were combined with the ether layer, which was washed until tests for and 
were negative. After removal ether the residue was heated and gave: 


Fraction b.p. 68-70° mm); 1.5 1.5622 
Polymer, 3.6 


Analysis Polymer 


4 


Fractions and were dissolved ether, and dry hydrogen chloride was passed through the resulting 
solutions, For the 


Fraction 22.5%; m.p. 119° 
Fraction 22.9%; absent; m.p. 120° 
SUMMARY 


study was made the replacement the halogen silicon-attached amino 
group. New organosilicon compounds obtained 
and 


investigation was made the stability the silicon-carbon bond 
aniline acid, alkaline, and neutral aqueous media 40° and 90°, and was shown that the bond 
not broken alkaline and neutral media under these conditions, acid medium rupture the bond 


occurs slight extent with elimination the anilinomethyl group, and the extent which this occurs increases 
with increase the acidity the medium, 


the course the study the hydrolysis Janiline alkaline 
medium, crystalline substance was isolated and found 
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REACTIONS PHENYLARSONOUS DICHLORIDE AND 
CHLORIDOUS AND -DICHLORIDOUS ESTERS WITH TRIETHYL 
PHOSPHITE AND TRIETHYL ANTIMONITE 


Gilm Kamai and Chadaeva 


1953 Kamai and Khisamova [1] attempted carry out the syntheses (1) and (2) with the object 
preparing cyclic esters (dihydroxyarsino)phosphonic acid, but without success: 


the present paper report results obtained study reactions arseno-chloridous and 


esters and phenylarsonous dichloride with triethyl antimonite and the reaction arsenochloridous ester with 
triethy! 


the reaction between equimolecular amounts diethyl arsenochloridite and triethyl phosphite 
dry ethanol medium atmosphere nitrogen, instead the expected ester (dihydroxyarsino)phosphonic 
acid, which would contain As~P bond, isolated chemically pure triethyl phosphate, red phosphorus, and 
impure triethyl arsenite. did not make detailed study the mechanism this complex Also, 
the reaction arsenochloridite with triethyl antimonite, instead the expected ester (dihydroxy- 


arsino)stibonic acid, which would contain bond, obtained triethyl arsenite and antimono- 
chloridite: 


' 


Whether this reaction proceeds with intermediate formation stibine onium compound have not 
yet established. The reaction may explained also follows; the triethyl antimonite probably reacts with 


= 
CH,— 
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arsenochloridite ethoxide tervalent antimony, the process being analogous the Williamson 
reaction: 


Simple replacement ethoxy group chlorine occurs also the reaction triethyl antimonite with 
ethyl arsenodichloridite with phenylarsonous dichloride 


Arsenic trichloride reacts with triethyl antimonite with formation mainly diethyl arsenochloridite and 
ethyl antimonodichloridite; 


These reactions are analogous reactions studied Kraft and Neiman [2] which the arsenic atom tri- 
phenylarsine replaced phosphorus and the antimony atom triphenylstibine replaced arsenic: 


Starting Materials. Triethyl antimonite was prepared Meerwein and method 94-95° 
(10 mm) and Ethyl esters arseno-chloridous and -dichloridous acids were prepared the procedure 
developed our laboratory [4]. 


Reaction Diethyl Arsenochloridite with Triethyl mixture 21.3 diethyl 
dite and dry ether was prepared three-necked flask fitted with mechanical stirrer, thermometer, 
reflux condenser, tube for passage nitrogen, and dropping funnel. With passage nitrogen and stirring, 
solution triethyl phosphite was added dropwise. The reaction mixture was then left room 
ture for four days. The dark-red precipitate that had formed was filtered off stream The filt- 
rate, which was first clear and colorless soon darkened, and reddish precipitate separated. The precipitate 
was removed, and solvent was distilled off. Distillation the residual liquid gave Fraction (12.2 g), b.p. 
67° (14-12 mm), Fraction (10.5 g), b.p. (11 mm), 1.4025, and residue (0.6 dark-red liquid. 
Refractionation Fraction gave substance having b.p. 59-61° (19 mm) and 1.4395; found 31.45; 
31.44%, 1.31%, 


Fraction b.p. 86-93° (11 mm) was left sealed tube room temperature for two months. More red 
precipitate formed and was filtered off. Vacuum distillation the colorless filtrate gave 6.3 substance 


its other properties and constants the product was identical with triethyl phosphate [5]. 


Reaction Antimonite with Diethyl Diethyl arsenochloridite (10.6 was in- 


troduced into Arbuzov flask fitted with dropping funnel, condenser, and thermometer reaching the bottom 
the flask. antimonite (13.7 was added dropwise. White crystals separated, and the temperature 

the mixture rose from 22° 56°. When the addition antimonite was complete, the reaction mix- 
ture was heated 150° oil bath for one hour, The dropping funnel was then removed, and the mixture 

was The following fractions were obtained; Fraction (10.7 g), b.p. 63-65° (16 mm), Fraction 
(2.2 g), 65-110° (14 mm), and Fraction (8.8 g), 111-120° (14 Redistillation Fraction 
gave 8.2 substance b.p. (10 mm) and 
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According the analysis for arsenic and the physical properties, this product was pure arsenite, 
identical with the preparation studied previously [6]. 


Redistillation Fraction gave crystalline substance, 110-112° (11 mm), m.p. 
Found 49.14, 35; 28, 14. 26. SbCl. Calculated 49.23; 14.34 


This crystalline substance was therefore diethyl antimonochloridite. 


Reaction Antimonite with Ethyl similar way, 19.2 anti- 
monite was added dropwise 14.3 ethyl arsenodichloridite, when the temperature rose from 24° 80°, 
After being heated for short time, the mixture was The fractions isolated were Fraction 


(14.4 g), b.p. 56-60° (12 mm), and Fraction (17.7 g), b.p. (12 mm) and m.p, Fraction 
was analyzed without further 


Found 35.89, 36.03, Calculated 35.65 


Redistillation Fraction gave narrow fraction (10 mm). 


According analysis, therefore, the products reaction between triethyl antimonite and arsenodichloridite 
are triethyl arsenite and ethyl antimonodichloridite, previously described Arbuzov and Samoilova [7]. 


Reaction Antimonite with Arsenic Arsenic trichloride was introduced 
into the reaction flask, and 17.4 triethyl antimonite was added dropwise, when the temperature the 
ture rose 60°, The mixture was then heated further oil bath 120° for one hour, The mixture was 
cooled, the white crystals formed were filtered off, and the filtrate was Two fractions were 


isolated; Fraction g), b.p. 51-53° (12 mm) and 1.4675, and Fraction g), b.p. 53-54° (12 mm) 
and 1.4645. 


Redistillation Fraction gave substance b.p. 53° (12 mm) and 1,4640 


The substance isolated was impure diethyl arsenochloridite, previously described one [4]. The solid 
product was also vacuum-distilled and gave substance b.p. 109-114° (12 mm) and was 
probably ethyl antimonodichloridite contaminated with antimony trichloride. 


Reaction Triethyl Antimonite with Phenylarsonous When, similar manner, 11.2 
phenylarsonous dichloride was mixed with 13.0 triethyl antimonite, the temperature rose from 23° 74°, 
The reaction mixture was heated further 140° oil bath for one hour. The mixture was cooled 5°, 
and the crystals that separated were filtered off. Fractionation the filtrate through Widmer column 
gave Fraction (3.1 g), and 1.5455, Fraction (6.1 g), b.p. and 1.5485, and 
Fraction (1.2 g), and nf} 1.5450. 


Fraction was analyzed without further 


Found 30.63, 30.57. Calculated 30.94 


The results analysis for arsenic indicate that this fraction was pure diethyl phenylarsonite 1.3953), 


The crystals isolated were washed with dry benzene and with petroleum ether (twice). After being dried 
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vacuum desiccator, they were analyzed. 


Found 50.87, 50.65; 28.13. Calculated 51.22; 29.83 


their other properties the crystals were identical with those ethyl 


SUMMARY 


was shown that reaction between diethyl arsenochloridite and phosphite does not result 
the formation the tetraethyl ester (dihydroxyarsino)phosphonic acid, which contains As~P bond. The 
products isolated were triethyl phosphate and triethyl arsenite. 


was shown that the reactions triethyl antimonite with arseno-chloridous and -dichloridous 
esters and with phenylarsonous dichloride, simple exchange between alkoxy groups and chlorine occurs with 
formation arsenious and phenylarsonous esters and the corresponding and 
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ORGANOBORON COMPOUNDS 


COMMUNICATION 15. ORGANOBORON COMPOUNDS HAVING ASYMMETRIC BORON ATOM 


Coordinationally quadrivalent boron compounds have tetrahedral configuration, This was proved 
Boeseken [1] the resolution borosalicylic acid (I), which molecularly asymmetric spiran complex. 
now complex organic boron compounds which boron forms center asymmetry, i.e., attached 
four different radicals, have been prepared. 


have succeeded synthesizing compounds containing asymmetric boron atom (VI) the use 
organoboron chloro compounds prepared the method that have recently discovered, namely, reaction be- 
tween organoboronesters and phosphorus pentachloride [2, 3]. 


outline, the synthesis follows: 


Ar’ 
Ar’ Ar’ 
Ar’ Ar’ Ar” 


(V) 


Chloro esters the type formed the action one equivalent phosphorus pentachloride 
areneboronic esters [3], contain comparatively mobile chlorine atom, They react with organomagnesium 


compounds with replacement halogen hydrocarbon radical and transformation into diarylborinic esters 


this way, the action o-tolylmagnesium bromide isobutyl benzenechloroboronate (II, 
obtained 62% yield. similar way synthesized isobutyl (p- 
phenylmagnesium bromide, third ester unsymmetrical diarylborinic acid isobutyl 


: 
at 
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(1X) was obtained the action p-chlorophenylmagnesium bromide diisobutyl benzene- 


(IX) 


The next step the synthesis the preparation was effected reaction between 
diarylborinic esters and phosphorus pentachloride [2], Treatment phenyl-o-tolylborinic ester with phosphorus 


pentachloride gave (X) 67% yield, and (p-chlorophenyl)phenylborinic ester similar- 
gave 


(X) 


Diarylchloroborines are readily hydrolyzed water. the action water the chloro compounds (X) 


and are converted into complex compounds hydrates phenyl-o-tolylborinic and (p-chlorophenyl) 
acids: 


The same type compound 
OH, 


obtained also the hydrolysis diphenylborinic and bis-p-chloro- 
esters 5]. 


Acids the type which give salts the form can regarded derivatives 
the acid (or which call acid (to distinguish from boric acid). 
this system acids the type are called diarylboreniic acids, [This system keeping with the 
Russian system naming boronic and acids boric acids which groups are replaced alkyl and 


other radicals. this translation name such compounds adaptation the nomenclature coordination 


Diarylborinic acids Ar,BOH, formed the first stage the hydrolysis chlorodiarylborines, are (in 
accordance with Werner's terminology the theory acids and bases) (if consider them 
relation any solvent, and not only water) [6]. Actually, these acids, although containing 


mobile hydrogen atoms, not function protonic like areneboronic acids [7], they react with water 
not proton donors, i.e., follows 


pe 


4 
4 
ig 
== 
\ 
(XII) 
4 
de 
if 
604 


These aquoacids now react with bases hydrogen acids; aqueous solution they dissociate follows 


and their reaction with alkalis expressed the equation 


Like the chloro esters, diarylchloroborines (IV) are able react with Grignard reagents with formation 


Reaction chlorodiphenylborine with o-tolylmagnesium bromide gave (XIV). 


When unsymmetrical used, possible this way obtain previously unknown com- 
pletely unsymmetrical triarylborines structure 


Thus, the action p-tolylmagnesium bromide chlorophenyl-o-tolylborine obtained phenyl-o- 


and from and o-tolylmagnesium bromide ob- 
tained 


B— B -- CoH, Cl-p, 
4 
(XIV) (XV) 


With aryllithiums diarylchloroborines (IV) react more vigorously than with Grignard reagents, but the re- 
placement halogen radical then complicated the occurrence another process, The triarylborine 
obtained the first stage reacts further with the aryllithium with formation complex compound. Thus, 


the reaction o-tolyllithium with chlorodiphenylborine, addition diphenyl-o-tolylborine, lithium diphenyldi- 
was obtained. 


The last stage the synthesis organoboron compounds containing asymmetric boron atom consists 
the addition organolithium compound unsymmetrical triarylborine. the action the 
1-naphthyllithium phenyl-o-tolyl-p-tolylborine, obtained lithium 
borate the form its dietherate. this compound have negative coordinationally quadrivalent 
boron attached four different hydrocarbon radicals: 
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When potassium chloride added aqueous solution the lithium (XVIID, the sparingly soluble 
potassium salt precipitated, 


similar way, from (p-chlorophenyl)phenyl-o-tolylborine and 1-naphthyllithium obtained lithium 
(XIX), which also contained two molecules ether: 


(XIX) 


Potassium sparingly soluble water and separates 
from aqueous solution the salt (XIX) when potassium salt added. 


Reaction between diphenyl-o-tolylborine and 1-naphthyllithium gave lithium 
borate dietherate, salt the type 


All operations with organoboron compounds were carried out atmosphere nitrogen. 


dry ether was prepared four-necked flask fitted with stirrer, reflux condenser, dropping funnel, and tube 
for the passage nitrogen, The solution was boiled while Grignard reagent, prepared from 2.9 magnesium, 
20.5 o-bromotoluene, and 100 ether, was added over period two hours. The reaction mixture 
was then boiled for seven hours and left overnight. Solvent was distilled off, and isopentane was added 
the The mass was stirred, and the precipitate was filtered off and washed with isopentane, Solvent 
was distilled off, and fractionation the residue gave 15.8 (62.1%) isobutyl b.p. 
156-159" (9.5 mm); 0.9714, 1.5370; 81.068 
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bromide, prepared from 2.88 magnesium, 28.3 p-dibromobenzene, and 200 ether, was added 
cipitate was formed. The reaction mixture was refluxed for seven hours, ether was distilled off, and the residue 
was treated with isopentane, The precipitate was filtered off, solvent was distilled off, and fractionation the 
residue gave 11.5 (34.7% isobutyl 1.1758, 1.5615; 89.90 


nate 100 ether was cooled temperature from 65° 70° and stirred while addition was made 
p-chlorophenylmagnesium bromide, prepared from 5.3 magnesium, 42.1 1-bromo-4-chlorobenzene, 
and 400 ether, over period two hours, The reaction mixture was stirred for five hours the same 
temperature and then left overnight. The reaction mixture was decomposed with 150 acid 
and extracted with ether. Ether was distilled off, and 100 isobutyl alcohol was added the 
mixture isobutyl alcohol and water was slowly distilled Fractionation the residue gave 26.6 (44.4%) 


shaking isobutyl phenyl-o-tolylborinate contained Claisen flask, After the addition the first 
portion, the reaction mixture was heated until reaction set in, after which reaction proceeded spontaneously 
with evolution heat. When reaction was complete, isobutyl chloride and phosphoryl chloride were distilled 


off under reduced pressure. Fractionation the residue gave (67.2% 
mm) and 1.090 


funnel with water. The resulting acid was extracted with isopentane, solvent was distilled off under 
reduced pressure, and the residue was kept vacuum mm) until constant weight was attained. The product 
(0.75 was liquid composition The acid unstable, and slowly transformed into the an- 
hydride benzeneboronic acid. The yield the acid was 84.2%, 


vigorous agitation, 35.9 phosphorus pentachloride was 
ously, and there was considerable evolution heat. When reaction was complete, isobutyl chloride and 


chloride were rapidly distilled from the reaction mixture. Fractional distillation the residue gave 17.2 (47%) 


shaken separating funnel with water. The acid was extracted with isopentane, solvent was distilled 
off under reduced pressure, and the residue was kept vacuum mm) until constant weight was attained, 
The acid, amounting 0.61 (76%, was obtained colorless viscous liquid having the composition 
unstable, and very gradually converted into the anhydride benzeneboronic acid. 
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(XIV). o-Tolylmagnesium bromide, prepared from 1.5 magnesium and 11.7 
was added ethereal solution (50 ml) over period minutes stirred ethereal 
solution (35 ml) [2]. Slight evolution heat was observed, and white crystall- 
ine precipitate formed. The reaction mixture was then heated water bath for seven hours and left over- 
night. Ether was then distilled off, and the mixture was heated for one The precipitate was filtered off 
and washed with benzene. Solvent was distilled from the filtrate, and fractionation the residue gave 6.5 
(49% diphenyl-o-tolylborine, 167-169° mm) thick colorless oil which oxidizes the air. 


(XV). p-Tolylmagnesium bromide, prepared from 2.2 magnesium, 
four-necked flask, The reaction mixture was then boiled for six hours and left overnight. Ether was distilled 
from the reaction mixture, benzene was added the residue, and the resulting mixture was stirred and 
heated for minutes. The precipitate was filtered off and washed with benzene, Solvent was distilled from 
the filtrate, and fractionation the residue gave 9.1 (48.4%) phenyl-o-tolyl-p-tolylborine, 
mm) the form thick colorless oil which oxidizes the air. 


(XVI). bromide, prepared from 1.2 
phenyl)phenylborine ether. The mixture was refluxed for six hours and then left overnight. Ether 
was distilled from the reaction mixture, benzene was added the residue, and the resulting mixture 
was heated water bath for one hour. The precipitate was filtered off and washed with benzene. Solvent 
was distilled from the filtrate, and fractionation the residue gave (49% 
borine, b.p. mm), the form thick colorless oil which crystallized standing. 


Action Phenyllithium and Lithium Diphenyldi-o-Tolyl- 


added stirred ethereal solution (40 ml) The solution came the boil, and 
white precipitate formed. The reaction mixture was then heated water bath for six hours and left over- 
night. Solvent was distilled off, benzene was added, and the mixture was heated for about one hour. 
The precipitate was filtered off and washed with benzene. Solvent was distilled from the filtrate, and the 
oily residue crystalline precipitate lithium diphenyldi-o-tolylborate formed. The precipitate was filtered 
off, washed with benzene, dried, and analyzed. The yield was 2.8 


The mother liquor from the crystallization the complex boron salt was vacuum-distilled and gave 1.41 
unchanged chlorodiphenylborine and 4.7 diphenyl-o-tolylborine, b.p. 177-180° mm). 


white finely crystalline precipitate formed and was filtered off, washed with two portions ether, and 
The yield the complex was (49%, and corresponded composition lithium 
naphthyldiphenyl-o-tolylborate 
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Potassium saturated solution potassium chloride was added 
aqueous solution 0.4 lithium 1-naphthyldiphenyl-o-tolylborate dietherate. finely crystalline white 
precipitate formed. was filtered off, washed several times with water, and quantitative 
yield (0.36 potassium was obtained. 


borine dry ether was added ethereal solution (16 the etherate 1-naphthyllithium (0.85 g). 
There was immediate finely crystalline precipitate, which was filtered off, washed with ether, and freed 

from solvent vacuum, The yield the complex was 0.92 (58%, and corresponded analysis 

lithium dietherate. 


saturated solution potassium chloride was added 
aqueous solution 0.5 lithium The colorless precipitate 

was filtered off, washed with water, and The product (0.4 was potassium 


phenyl-o-tolylborine dry ether was added ethereal solution (15 the etherate 1-naphthyl- 
lithium (0.61 finely crystalline white precipitate was filtered off, washed with two 10-ml 
portions ether, and dried constant weight The yield the complex was 0.76 and 


1.61; 1.03 


Potassium Saturated potassium chloride solution was 


crystalline white precipitate formed, and was filtered off, washed repeatedly with water, and 
quantitative yield (0.45 potassium (p-chlorophenyl)-1-naphthylphenyl-o-tolylborate was 


The estimation boron and aryl groups was carried out Wittig's method [9]. 


SUMMARY 


esters are treated with organomagnesium compounds, diarylborinic esters 
are formed. this way some unsymmetrical diarylborinic esters were obtained. 


the action phosphorus pentachloride unsymmetrical diarylborinic esters, unsymmetrical 
chloroborines were prepared for the first time. 


Diarylchloroborines react with organomagnesium compounds with formation this 
method triarylborines having three different aryl groups were prepared for the first 


the action 1-naphthyllithium unsymmetrical triarylborines, lithium tetraarylborates containing 
asymmetric boron atom were obtained. 
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HIGH-TEMPERATURE TRANSFORMATIONS ETHYLCYCLOHEXANE PRESENCE 
ALUMINA AND HYDROGEN HIGH PRESSURE 
FLOW SYSTEM 


Shuikin, Kh. Minachev, Vinogradov and Yu. Egorov 


our previous investigations [1-4] have studied the catalytic properties palladium and platinum 
supported alumina and silica gel the transformations ethylcyclopentane, heptane, and 
these investigations showed that, when these hydrocarbons are passed 460° presence hydrogen 
atm through flow apparatus, various profound transformations occur. Thus, ethylcyclopentane partially 
isomerized methylcyclohexane, which further dehydrogenated toluene; depending the chemical 
nature the catalyst, the yield toluene may range more.than 40%, calculated the original amount 
hydrocarbon, Another part the hydrocarbon isomerized dimethylcyclopentanes, and partial hydro- 
genolysis the five-membered ring also occurs, Under similar conditions, heptane dehydrocyclized toluene, 
and undergoes isomerization and hydrocracking. Under the same conditions, the greater part methylcyclo- 
hexane dehydrogenated toluene, but some isomerized 


The present forms continuation these studies, here give experimental material 
obtained study the catalytic transformations ethylcyclohexane presence palladized alumina 
flow system 460° presence hydrogen 35-65 atm. 


EXPERIMENTAL 


Preparation the Catalyst. For the preparation the catalyst used alumina having 
specific surface [4]. The carrier was impregnated with dilute solution The 
palladium content the catalyst was 0.5%. Before the impregnation, the alumina was treated with 0.5% 
its weight hydrofluoric acid. The impregnated catalyst was reduced for ten hours stream electrolytic 
hydrogen 325-330°, The dehydrogenating activity the resulting catalyst was determined passing 


cyclohexane space velocity 0.4 was then found that the was very active: 
the catalyzate obtained had 


Experimental Procedure, The apparatus described previous paper The experiments were 
carried out 460°, hydrogen pressures 35, and atm, space velocity feed ethylcyclohexane 


1.0 and with molar ratio hydrocarbon hydrogen 1:5. all cases the volume catalyst 
was ml. 


Original Ethylcyclohexane, The taken for investigation was obtained the 
tion ethylbenzene with hydrogen under pressure autoclave 180° presence Raney nickel. After 
suitable purification had b.p. 131.8° (756 mm), 1.4328 and 0.7880. 


Investigation Catalysis Products 


The properties liquid catalyzates were characterized determinations density, refractive index, 
and content aromatic compounds (sulfuric acid method). Before the catalyzates were investigated, hydro- 
carbons boiling 40° were distilled off through 60-plate column, Aromatic hydrocarbons were then 
separated chromatographic adsorption silica gel [5] and were fractionated, order determine their 
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compositions, many the fractions were investigated the method. The gas formed was 


Fig. Fractionation curve for aromatic hydrocarbons Fig. Fractionation curve for 
the ethylcyclohexane catalyzate (Experiment 1). the ethylcyclohexane catalyzate (Experiment 3). 


TABLE 


Properties Ethylcyclohexane Catalyzates 


Content 
aromatic 
hydrocarbons 


1.70 
2.80 
3.50 


Fractions boiling the range 33-40° had refractive indices and densities 


According their properties and Raman spectra they consisted mainly pentane, The yield these 
fractions did not exceed the original hydrocarbon, 


result the investigation, was established that the aromatic parts the 
zates from the three experiments were very similar composition. The following hydrocarbons were found 
them (the quantitative estimate subject possible relative error 10-15%. Fraction toluene and 
ethylbenzene (5%. Fraction almost pure ethylbenzene. Combined Fraction from first two 
(50%, m-xylene p-xylene (traces), and ethylbenzene (35%. Fraction Experiment 


contained more (25%) and less o-xylene (25%; the remainder the fraction consisted p-xylene 
(10% and ethylbenzene 


Analysis the Raman spectra mixtures like fractions showed that the naphthene-paraffin part 
the cthylcyclohexane catalyzate consists mainly cyclopentane hydrocarbons having one, two, three methyls 
various positions the ring. detected, for example, (in small amount) Fraction 
Fractions and (about 80%; trans-1,2-dimethylcyclopentane [6] Fraction 
[7] Fractions (about 50% and 
Fractions (50% and and 1-ethyl-1-methylcyclopentane [9] Fractions (about 
(about 25%. Apart from these hydrocarbons, found umchanged ethylcyclohexane Fractions VII (70%) 
and 100%); also, found cyclohexane Fraction and 2-methylpentane Fraction 


These results analysis are quite satisfactory agreement with the physicochemical 
properties the fractions (Table 3). 


Effect Pressure the Character and Extent the Transformations Ethylcyclohexane, Figure 


gives the yiclds xylenes and toluene and also hydrocarbon gases. will seen that with rise pressure 


100 
> = 15 
120 
q 
Amountof Yieldof |Gasand Properties catalyzate Composition gas (%) 
134.2 4.2 1.4635 0.8239 57.7 98.30 
50.0 170.0 160.5 5.2 1.4570 0.8200 51.7 
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TABLE 


Fractional Composition and Properties Aromatic Hydrocarbons Isolated from Ethylcyclo- 
hexane Catalyzates 


Yield 


Properties fractions 
weight) 


Catalyst Boiling range 


ethylcyclo- 


drocarbons 
ken for 


aromatic 
fractionation 


Experiment 


n 
(°C) hexane 


135.5—137. 


0.8673 


56. 


CO 


104.0—125. 


0.8665 


0.8665 
0.8673 


108.0—125. 
135.5—137. 


0.8667 


0.8668 
0.8644 


Canoe 


jw 


o 
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TABLE 


Fractional Composition and Properties the Part Ethylcyclo- 
hexane Catalyzates 


substance Stoperties Of iractions ight 


ight 


0.6733 
0,7465 
0.7490 
114,3—119,0 
123.0—130,0 1.4280 0,7767 


40.0—67.5 

67.5—76.5 

114.5—119.0 
119.0—123.0 
130.0—131.8 


o— 


bt 


76.2—104.0 
104.0—114.0 
123.0—130.0 
130.0—131.8 


Residue 
Experi 
ment 
Residue 


hydrogen the amount xylene formed falls, but the yields toluene and gaseous hydrocarbons 
would appear that rise the pressure hydrogen within the limits applying these experiments has sub- 


stantial effect the rupture the bond, since such rupture requires considerably more energy than 
that bonds side chains alkylbenzenes [10]. 


With increase pressure from atm, other conditions being constant, the alkane-cycloalkane 
content the catalyzate increases from 21.1%. Raman-spectrum analysis the fractions revealed 
the presence cyclopentanes containing three side groups, which indicates far-reaching isomeri- 


zation the six-membered ring five-membered ring accompanied simultaneous disproportionation 
the side 


Our investigation catalysis products from ethylcyclohexane enables draw the following scheme 
its transformations: 


CH, 


C,H, 


trans 
cis-cis-trans, and 
cis-cis-cis forms) 
C,H 


With rise pressure hydrogen, the conversion ethylcyclohexane changes follows: atm. 
16.9% atm, and 84.8% atm. 


Effect Preliminary Treatment Alumina with Hydrofluoric Acid, With the object determining the 
effect preliminary treatment the carrier with hydrofluoric acid, prepared some palladized alumina 
(0.5% Pd) and carried out experiment with ethylcyclohexane (460° and atm hydrogen) its presence. 
The combined method that used for the analysis the catalyzate showed that its composition differed from 
that obtained over sample the same catalyst treated with hydrofluoric acid having higher (by 9.3%) 
content aromatic hydrocarbons and lower (by 5.4% content alkanes and cycloalkanes, Although the 
difference the isomerizing the catalysts can explained their different acidities, the causes 
the difference dehydrogenating activity present obscure. may only suppose that fluorine (possibly 
the form PdF,) partially screens active centers the catalyst and therefore reduces its dehydrogenating 
activity. This matter, however, requires further investigation. 
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SUMMARY 


Yield 
investigation was made the catalytic 


transformations ethylcyclohexane presence 
palladized alumina 460° presence hydro- 
gen 35, and atm flow system. 


was shown that, under these conditions, 
ethylcyclohexane undergoes profound 
tions various dehydrogenation, hydro- 
genolysis the side chain, and isomerization with 
contraction the ring and subsequent opening 
the five-membered 


from atm causes the conversion ethyl- 
Fig. Effect pressure hydrogen the yields cyclohexane rise from 
toluene and xylenes the catalytic transformations was shown that preliminary treatment 
ethylcyclohexane: xylenes; toluene; gaseous the catalyst with hydrofluoric acid results 
reduced dehydrogenating activity and increased 
isomerizing power. 


LITERATURE CITED 


Shuikin, Kh. Minachev, Tulupova and Yu. Egorov, Proc. Sci. USSR 95, 1211 
(1954). 


Kh. Minachev, Shuikin, Tulupova and Yu. Egorov, Proc, Acad, USSR 99, 777 
(1954). 


Sci. USSR, Div. 1954, 


Bull. Acad, USSR, Div. Chem. Sci. 1955, 


Landsberg and Kazansky, Bull, Acad, USSR, Div. Chem, Sci. 1951, 110. 
Chavanne, chim. Belg. 39, 402 (1930). 


USSR, Div. Chem, Sci. 1954, 


Selected Values Properties Hydrocarbons, Washington, 1947. 


Forziati and Rossini, Research the National Bureau Standards (USA) 43, 473 (1949). 


Semenov, Some Problems Chemical Kinetics and Reactivity, Izd. SSSR, Moscow, 1954, 


Zelinsky Institute Organic Chemistry Received March 15, 1956 
the Academy Sciences the USSR 


Russian pagination, See Translation. 
Russian, 


= 
= 
3 
: 
wine 
615 


= 
ff 


SYNTHESIS AND CATALYTIC TRANSFORMATIONS 
gem-SUBSTITUTED CYCLOALKANES 


homologs cyclohexane and cyclopentane are very difficultly accessible, and their 
catalytic transformations have received little study. Nevertheless, investigations the catalytic transformations 
cycloalkanes containing are interest for the advancement our knowledge the field 
dehydrogenation Only quite recently have investigations been published which the catalytic 
transformations 1-alkyl-1-methylcyclohexanes have been studied [1-4]. these was shown that, under 
the conditions dehydrogenation catalysis, simultaneous elimination both alkyl groups does not occur: the 
methyl group eliminated preferentially, and the tendency for the other alkyl group eliminated diminishes 
with increase the number carbon atoms that contains. the present investigation had the object 
synthesizing previously undescribed 1,1-disubstituted hydrocarbons the cyclopentane series and comparing their 
catalytic transformations with those analogous hydrocarbons the cyclohexane series. objects for investi- 
gation selected 1-ethyl-1-methylcyclopentane, 1-methyl-1-propylcyclopentane, and 


cyclohexane; these, 1-methyl-1-propylcyclopentane and 1-cyclohexyl-1-methylcyclohexane were 
sized for the first time. 


the synthesis the previously undescribed opentane, was found expedient 
make use the power double bond activate halogen atom the with respect the 
bond, this way succeeded obtaining 1-allyl-1-methyl-cyclopentane higher yield than that obtained 
the synthesis 1-ethyl-1-methylcyclopentane, This unsaturated hydrocarbon was hydrogenated 180° 
presence platinum catalyst, and almost quantitative yield 1-methyl-1-propylcyclopentane was ob- 
tained. interesting that the catalyzate from the reduction 1-allyl-1-methylcyclopentane contained 


about by-product impurities, which, judging from the lower refractive index, consisted branched paraf- 


noteworthy difference between the analytical results for the catalytic transformations 
cyclopentane homologs and the corresponding data for 1-cyclohexyl-1-methylcyclohexane that the 
stituted cyclopentanes undergo considerably more complex and diverse changes, The cyclopentanes undergo 
hydrogenolysis with formation the corresponding paraffins and isomerization with formation cyclohexanes, 
which are converted into the corresponding aromatic hydrocarbons under the conditions the reaction, Apart 


from these two main reactions, hydrocracking occurs slight extent with formation gaseous decomposition 
products. 


The question which carbon atoms the chain cyclopentanes are concerned the 
formation six-membered rings fundamental interest. From general considerations may supposed 
that, for cyclopentanes give cyclohexanes, one the carbon atoms the methyl 
radical must take part the reaction. the ring expansion the expense the carbon radical, 
the catalysis products should monosubstituted aromatic hydrocarbons, but carbon atom ethyl propyl 
radical takes part, then the catalyzate should contain disubstituted aromatic hydrocarbons, 


The analytical results the aromatic parts the 1-ethyl-1-methylcyclopentane and 1-methyl-1-propyl- 
cyclopentane hydrocarbons indicate that mainly monosubstituted benzenes are formed each case, though 
appreciable amounts disubstituted benzenes are present. These results indicate that ring expansion proceeds 
mainly the expense the carbon atom the group. 
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The considerable amounts paraffins diverse structure found the catalysis products show that hydro- 
genolysis the five-membered ring proceeds all possible ways. However, assume that the formation 
aromatic hydrocarbons proceeds through prior hydrogenolysis cyclopentanes, then the composition the 


aromatic fraction suggests that, considerable extent, hydrogenolysis the cyclopentanes proceeds the 
bonds adjacent the atom carrying the substituents, 


the catalysis the 1,1-disubstituted cyclohexane, isoparaffins were formed and the main direction 
reaction was dehydrogenation the cyclohexane ring aromatic would expected from data 


the This process accompanied demethylation and dehydrocyclization with formation 
the more complex condensed system, fluorene. 


Our experimental results enable suggest the following schemes for the transformations the hydro- 
carbons studied: 


Octane isomers 


Scheme Catalytic Transformations 1-Ethyl-1-methyl- 
cyclopentane 


‘ 


Nonane isomers 


Scheme Catalytic Transformations 1-Methyl-1-propylcyclopentane 


* 
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(1%) 


Scheme Catalytic Transformations 
cyclohexane 


EXPERIMENTAL 


The hydrocarbons were synthesized indicated below: 


2H; 


CH, CH, 
CH, CH, 
CH, 


CH, 


The properties the hydrocarbons are given Table 


TABLE 
Substance Calculated 


1-Ethyl-1-methylcyclopentane (our 121-122 0.7824 36.946 
values) 


(data 121.52 0.7809 
literature 

1-Allyl-1-methylcyclopentane (36) 0.8093 

1-Cyclohexyl-1-methylcyclohexane (9) 0.8857 


4 
- 
Methylbiphenyls 
(35%) 
j H 
3 
(4%) 
ae 
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\ 
41.08 
41.70 41.56 
60.5 58.93 
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The catalytic transformations the hydrocarbons were carried out presence platinized charcoal 
(10% Pt), the hydrogenating and dehydrogenating properties which were first checked for the dehydrogenation 
cyclohexane and the hydrogenation benzene, this way was shown that the catalyst had high hydro- 
genating and dehydrogenating powers. The catalytic processes were carried out electric furnace with 
The catalyst was placed tube, diameter, The tube was fitted with 
buret for the feed hydrocarbon, receiver for the catalyzate, and receiver for gas. 


the catalyst 290° and 320° space velocity 0.2 stream dioxide, but there was 
practically change its The experiment was therefore repeated 320° stream hydrogen, 
and 18.35 catalyzate having 1.4325 was Part this (11 was chromatographic 


adsorption silica gel, The paraffinnaphthene fraction then isolated was fractionally distilled. The results 
the fractionation are given Table 


Catalytic Transformations 1-Ethyl-1-methyicyclopentane, The hydrocarbon (21.7 was passed over 


TABLE 


fraction (g) catalyzate) 


12.8 
0.7537 


may supposed that Fraction contained mainly 3,3-dimethylhexane admixture with higher-boiling 


hydrocarbons, The literature gives b.p. 111.97°; 0.7100, Fractions and correspond 
exactly octane isomers their constants. 


the distillation the fraction containing aromatic hydrocarbons isolated 2.18 mixture 
hydrocarbons boiling range (732 mm); 0.8614, 1.4900, 


Oxidation 0.5 the aromatic fraction method [7] gave acids the following amounts: 
benzoic 0.14 phthalic 0.03 tere- and iso-phthalic 0.03 make the approximate assumption that the 
relative amounts the acids are the same those the corresponding hydrocarbons, the composition the 


aromatic part the catalyzate will ethylbenzene, 15% o-xylene, and 


The aromatic part the catalyzate was investigated the method, This gave the 
following results: 


1583(3), 1606(5)) and 20% 506(3), 582(10), 735(10), 386(4), 1052(10), 1159(1), 1223(5), 
1880(4)). 


the basis physical and chemical methods investigation, the composition the products the 
catalytic treatment 1-ethyl-1-methylcyclopentane follows: aromatic hydrocarbons, including 
16.8% ethylbenzene and xylenes; naphthenes and paraffins, including, apart from the original 
hydrocarbon, octane isomers (mainly 3-ethyl-3-methylpentane and 


Catalytic Transformation 1-Methyl-1-propylcyclopentane. (20 
was passed four times over the platinum catalyst 320° space velocity 0.2 constant stream 


hydrogen (until the refractive index ceased change). The catalyzate (14.11 1.4363) was fractionally 
distilled and the results the fractionation are given Table 


Fractions and the catalyzate were subjected chromatographic adsorption silica gel. The 
paraffin-naphthene part was fractionated (Table 4). 


The fraction containing aromatic hydrocarbons had and 1.4980, 
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TABLE order determine the qualitative and 


Boiling range Weight approximately quantitative the mix- 
ture aromatic hydrocarbons again used the 
755 mm) (g) 
16-107 0.52 isolated the following acids: benzoic (0.1 g),phthal- 
107-130 1.04 (0.06 g), tere- andiso-phthalic 
135-140 8.03 Calculation from these results gives the following 
142-150 3.52 composition the aromatic fraction the 


TABLE 


Fraction Boiling range 
(°C 740 mm) 


107-134 
135-139 
139-141 


substituted benzenes, and 15%of para- and meta-disubstituted benzenes. The presence ortho-disubstituted 
benzenes was confirmed also Raman-spectrum analysis the frequencies were 320(1), 499(1), 585(1), 718(1), 
725 (1), 1031(2), 1054(1), 1214(2), 1382(3), may concluded, therefore, that the 1-methyl-1-propylcyclo- 


pentane catalyzate contained aromatic hydrocarbons, including propylbenzene and 8.15% 
disubstituted 


The parraffin-naphthene part the catalyzate comprised the Apart from unchanged 
this part the catalyzate contained 
880(5), 898(5), 1037(5), 1104(5), 1104 (3), 1192(3), other nonane isomers, cyclohexane 


homologs, the structure which did not succeed fully. However, the basis the similarity 
between the constants the catalyzate fraction (b.p. 1.4282, 0.7741) and the constants 
1,1,3-trimethylcyclohexane 136,63°; 0.7788) and also the detection cyclohexane 
hydrocarbon this fraction the Raman-spectrum method, may supposed that there certain amount 
the compound 1,1,3-trimethylcyclohexane the paraffin-naphthene fraction. 


Catalytic Transformations The catalysis was carried out under 
the same conditions the case but without stream The 
changes occurring repeated passages are indicated Table 


The gaseous reaction products were analyzed 
Losses 


arate solid catalysis product 
weight of In order to separa e so Cc ys pr S 


from the liquid catalyzate, the latter was subjected 

crystals was isolated. Repeated recrystallization 

the crystals from alcohol gave two pure substances: 

crystals m.p. 71°, which the melting 


After the freezing treatment, the liquid filtrate was vacuum-fractionated mm), The results the 
fractionation are given Table 


the basis refractive index and boiling range may inferred that Fraction consisted mainly 


Fraction was subjected repeated freezing treatments, and liquid residue having 1.5880 was 


| 
(g) catalyzate) 
1.4215 2.3 0.7471 18.3 
10.32 
TABLE 
- 
1.5615 19.81 4.27 
1.5865 17.3 1.1 


TABLE 


Weight (g) 


Residue 


obtained. This residue was combined with Fraction According the constants this fraction, may 
supposed that was mixture 


Hence, result the catalytic treatment 1-cyclohexyl-1- methylcyclohexane, complex mixture 


cyclohexane, and about 


SUMMARY 


1-Allyl-1-methylcyclopentane, 1-methyl-1-propylcyclopentane, and 
hexane were synthesized for the first time and their principal physical constants were determined. 


The catalytic transformations the cyclopentane hydrocarbons 1-ethyl-1-methylcyclopentane and 


1-methyl-1-propylcyclopentane were studied and compared with the behavior 1-cyclohexyl-1-methylcyclo- 
hexane under the same conditions dehydrogenation catalysis. 


Investigation the catalyzates showed that for the cyclopentane hydrocarbons the main reactions 
were hydrogenolysis the ring and cyclization the resulting paraffins cyclohexanes. Aromatic 
carbons were formed considerable amount. cyclohexanes suffer dehydrogenation aromatic 
hydrocarbons, There simultaneous demethylation, and slight extent dehydrocyclization occurs. 


the transformations cyclopentanes and cyclohexanes shows that the 
bonds between carbon atom cyclopentane ring and atoms are stronger than similar bonds 


cyclohexane hydrocarbons. 
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STEREOISOMERISM POLYESTERS AND 


Zh. Sogomonyants and Volkenshtein 


The physical and chemical properties macromolecular compounds are determined the chemical 
structure the chain molecules, the one hand, and the character the packing and the interactions 
the polymer chains, the other. The spatial disposition atoms and stereochemical structure 
must have effect both the properties individual polymer chains and the properties the substance 
whole. many cases meet with stereoisomerism the polymer chains, particular, polymers 


the polyisoprene type show cis-trans isomerism (cis-polyisoprene rubber and 
case which has been extensively 


Polymers the type (polystyrene, etc.) may exist different stereochemical 
configurations. The carbon atoms the CHR groups such polymers are asymmetric, for the portions the 
chain the two sides such group are generally nonidentital. does not follow that such polymer chain 
will asymmetric whole and will optically active. The polymer chain whole should have 
center plane symmetry its the optical activity due asymmetric groups opposite 
ends the chain will mutually compensating. 


Groups the types may have the following relative orientations the chain: 


R—C—H 
H—C—H 


These are true optical (++) and 


Finally, may have random arrangement equal numbers (+) units the chain. 
this case speak racemic form the polymer. 


See also [1]. 


if 
i 

ag 

: 

= 

> 

623 

4 


therefore have three cases: 


Stereoisomerism absent polymers the type: 


the other hand, polymers the type 


The phenomenon cis-trans isomerism polymers containing double bonds has been well studied. Such 
isomerism possible polymers the polybutadiene type. complex copolymers there may combina- 


must mentioned that, principle, the preparation macromolecular chain compounds having 
the allene type possible, regards isomerism the head-to-head and head-to-tail type, 
this cannot regarded Stereoisomerism concerned with differences the spatial dis- 
position bonds for given order these bonds the chain, and head-to-tail isomerism 
isomerism the usual sense the word. 


Natta [2] has recently published series papers which describes the properties new crystalline 
modifications polypropene, poly-1-pentene, and polystyrene which has prepared. Investi- 
gation these polymers methods analysis, infrared spectrum, and determinations density, viscosity, 
solubility, and melting point shows that they have regular structures. Natta calls his crystalline polymers 
easy see that are here concerned with chains the (++)- Natta 
cently obtained polymers regular Owing causes indicated above, 
tactic polymers not, course, show optical activity, work shows that the stereochemical structure 
polymer has great effect its properties. will clear that, certain sense the word, may 
regard (++)-, simple polymer (homopolymer) and racemic polymer copolymer 
consisting randomly arranged (+)- and units. 


order determine the way which the stereochemical structure affects the properties polymer, 
necessary compare polymers different but known stereochemical structures. consider that the 
most direct method solving this problem should consist the investigation the properties polymers 
showing optical isomerism comparison with polymers prepared from pure optical antipodes and racemates 
the original substances, Natta [3] came the same conclusion; recent paper states 
“the phenomenon isotaxis may automatically confirmed the preparation macromolecules the 
condensation asymmetric molecules identical configuration containing two different reactive groups 
attached the asymmetric carbon atom, the condensation (~)-a-amino acids". 


Papers are found the literature which the preparation polymers from optically active 
meric components described. Thus, alkyd resins the glyptal type have been prepared from phthalic 
ride and optical active polyhydric alcohols xylitol, mannitol, and sorbitol optically active 
polymer lactone L-arabonic acid known and also series polymers from diacrylic and dimetha- 
crylic esters sorbitol and mannitol [6]. the polyamide field, the classical investigations Fischer and 
others the synthesis polypeptides from natural acids are well Important recent work 
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concerns the synthesis polypeptides the polycondensation anhydrides a-(carboxyamino) acids (so- 
called Leuchs anhydrides) prepared the condensation the corresponding amino acids with chloroformic ester 
phosgene all these investigations the work was done for purely preparative purposes. 


the work Marvel and Overberger [9], which had the object studying polymerization kinetics, the 
monomers used were optically active 2-chloroacrylate, vinyl and (+)-sec- 
butyl p-vinylbenzyl ether, which have the asymmetric atom the side The results these investigations 
way provide answer the question the relation between the stereochemical structure and properties 
macromolecular compounds, which, stated, the subject the present investigation. 


the synthesis macromolecular compounds containing asymmetric carbon atoms the chain, 
convenient work with polyesters and polyamides, which may prepared two ways: polycondensation 
the corresponding dicarboxylic acids with glycols diamines, and from suitable lactones lactams. 
For the preparation stereoisomeric polymers was necessary select monomers which can obtained 
both optically active and racemic forms. These monomers must give polymers sufficiently high molecular 
weight, not racemize during the polymerization process, and have sufficiently high optical activity. 


our original monomers containing asymmetric carbon atom took (+)-3-methylhexanedioic acid 
and (+)-3-methyl-1,6-hexanediol. These are both compounds which, owing remoteness the asymmetric 
center from groups capable enolization, not racemize. For our components not containing asymmetric 
carbon atom used adipic acid, 1,6-hexanediol, and acid was 
prepared the oxidation [10] with potassium permanganate and purification (fractionation) 
the form the diethyl ester, acid was prepared oxidation mixture methyl- 
cyclohexanol isomers, known from the literature [11] that oxidation 4-methylcyclohexanol gives 
acid, whereas 2-methylcyclohexanol gives acid. The crude 
acid was purified fractionation the form its diethyl ester. (+)-3-Methyl-1,6- 
hexanediol and the previously undescribed were prepared the reduction the 


esters (+)- and acids catalytic hydrogenation under pressure presence 
catalyst. 


For the synthesis polyesters the polycondensation was carried out boiling xylene with simultaneous 
distillation reaction water the form azeotropic mixture. The apparatus described Batzer [12] for 
carrying out polycondensation boiling was not found suitable for our purposes. constructed 
simple apparatus, working according the same principle, but considerably more convenient for work with 
small this apparatus the esterification could carried out with very small amounts solvent, 
i.e., with high concentrations original components, which excluded the possibility the formation cyclic 


Polyesters from (+)- and were prepared simultaneously under completely identical con- 
ditions the same apparatus, but two separate flasks. 


this way prepared polyesters from and and adipic acid: 


CH, 


hexanediols and (+)- and )-3-methylhexanedioic acids: 


Contained pennyroyal oil, which contains 14% pulegone and 11% menthol. 
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(the specific rotation the (+)-isomer was 9,2° 0.04 benzene)); (+)- and 
dioic acids and 1,6-hexanediol: 


CH, 


(the specific rotation the (+)-isomer was 6.6° 0.04 benzene)). 
All the polyesters were clear slightly yellowish viscous liquids. 


Optically active and racemic polyamides were synthesized heating salts obtained from and 
methylhexanedioic acids and 


the optical rotation the (+)-isomer was 12.5° 0,04 formic acid 


order determine whether any racemization (+)-3-methylhexanedioic acid and 
hexanediol occured during the preparation polyesters and polyamides, the latter were subjected hydrolysis. 
The dicarboxylic acid and glycol isolated from the hydrolyzate were investigated for optical activity, and 
was found that they had retained their optical activity completely during 


EXPERIMENTAL 


was placed jar fitted with propeller stirrer and thermometer and was stirred vigorously while 
125 oil pennyroyal was added slowly, the rate addition being such that the temperature did not rise 
above 30-35°. When the whole the oil had been added, then the permanganate became exhausted (test 
sample), more was added the form 20-30 portions the solid salt. Reaction continued for about 


hours and was considered complete when test filter paper gave feeble colored outer zone repeated 
tests over period minutes. 


all, 305 potassium permanganate was used, The aqueous solution potassium (+)-3-methyl- 
hexanedioate formed the reaction was separated from the precipitate manganese dioxide and treated 


described who oxidized menthol ina similar way, The yield crude acid, which 
180-185° mm), was 


Further purification (+)-3-methylhexanedioic acid was carried out converting into its diethyl 
ester, fractionating this, and then hydrolyzing with aqueous-alcoholic potassium hydroxide. this way 
obtained preparation m.p. 85.5-86° and which accord with data the literature. 
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liter round-bottomed flask containing 2100 (16.6 moles) 50% nitric acid (sp.gr. 1.32) was provided with 
mechanical stirrer, thermometer, and dropping funnel. The acid was heated almost the boil, ammonium 
vanadate was added, the stirrer was switched on, and 40-50 drops methylcyclohexanol (mixture isomers) 
were added from the dropping funnel, The liquid was stirred until reaction set (2-3 minutes) indicated 
the evolution oxides nitrogen. The contents the flask were cooled 55-60° (in ice bath), and 570 

moles) was added quickly possible. The temperature was maintained unchanged 
efficient cooling and reduction the rate addition methylcyclohexanol was found that the 
necessary cooling efficiency was not Toward the end the reaction (when 530 methylcyclohex- 
anol had been added), the ice bath was removed. After the whole the methylcyclohexanol had been added, 
stirring was continued further for one hour. The reaction mixture was evaporated down about 700 
water bath, transferred round-bottomed flask, and again evaporated under the vacuum water 
pump, heating being applied oil bath temperature which was gradually raised 170°. this pro- 
cess, water, nitric acid, and volatile oxidation products were removed from the reaction mixture. The product 
(about 500 solidified brownish mass when cooled. order isolate the methylhexanedioic acid, the 


product was dissolved the amount benzene required give liter solution and left overnight 
refrigerator. 


Crude oic acid crystallized out and was filtered off, pressed off, washed with four 
successive 25-30 portions cold benzene, and dried 60°, The yield crude acid was 185 m.p. 
Vacuum distillation gave 155 fraction b.p. 182-187 mm). Final purification the crude acid was 
effected converting into its ester, the case the (+)-isomer. The melting point pure 
acid obtained this way was 


barium [14] was prepared stainless steel autoclave. The autoclave was hermetically sealed, connected 
hydrogen cylinder, filled with hydrogen 130-140 atm, and fixed shaker. The shaker was switched on, 
and the autoclave was heated Hydrogenation was continued this temperature until absorption 
hydrogen stopped (about The reaction mixture was washed out the autoclave into 400-ml 
beaker with four portions The catalyst was separated filtration and was washed with 
ethanol, Potassium hydroxide (15 and water (20 was added the resulting alcoholic filtrate, and the 
mixture was refluxed for three hours hydrolyze unreduced ester. Alcohol was distilled off until the thermo- 
meter the vapor registered The residue was extracted with ether percolator for hours. The ether 
extract was dried with anhydrous sodium sulfate, ether was distilled off, and the residue was 
through (15 cm) Vigreux column, There was very small fraction boiling 135°, and the remainder 
came over 138° mm); yield (72%). Refractionation gave the glycol, b.p. 135° mm). The 
method was equally satisfactory for the and isomers, which were obtained the same yields, the 
undissolved state (+)-3-methyl-1,6-hexanediol had there are data the The boiling 
point the previously undescribed racemate was almost the same that the 


The bis-p-nitrobenzoic esters (+)- and )-3-methyl-1,6-hexanediols were prepared heating mix- 
ture the glycol and chloride 120-130° untii liberation hydrogen chloride 
ceased. The brownish-violet was poured onto ice, and the precipitate that formed was washed with water 
until the washings were neutral, dried 50°, and twice recrystallized from alcohol; 1.5-1.6 The 
point the bisnitrobenzoic ester (+)-3-methyl-1,6-hexanediol was 


Found 6.70, 6.82 Calculated 6.96 


The meiting point the bisnitrobenzoic ester was 


the figure. used flask fairly large volume (about ml), because frothing may occur the initial 
The funnel passing the bottom the flask ensures that the xylene passes through the whole depth the 
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reaction mixture, which creates conditions for efficient agitation and more effective azeotropic removal 
water. The long side tube serves air condenser for xylene vapor. 


Polyesters from the and )-isomers were prepared simultaneously two flasks under identical con- 
ditions. Each flask contained 0,01 mole each the dicarboxylic acid and glycol, 0.01 
acid hydrate, and xylene. The two flasks were heated simultaneously for two hours Wood's alloy 
thermostat The reaction mixture then boiled gently, but xylene was distilled off. The bath 
temperature was then raised and, when attained moist xylene began distill off; the same time, 
pure dry xylene was dropped continuously into the mixture. Reaction continued for hours, the course 
which 280 xylene was used. The dropping was then replaced capillary tube through which 
pure nitrogen was passed, the side tube being connected vacuum (1-2 mm). order remove solvent 
and products, the mixture was heated vacuum for four hours. 


Preparation Polyamides, Polyamides were 


synthesized from salts prepared from (+)- and 
methylhexanedioic acids and 1,6-hexanediamine 
directly from equimolecular mixtures the same 
components. Experiments were carried out simultane- 
ously two, four, six ampoules, which each 
pair contained (+)- and (+)-isomers, The weighed 
sample the salt was placed ampoule thick- 
walled barometer glass, and 2.5 aqueous acetic 
acid solution was added amount corresponding 
40% the weight the salt. Air was displaced 
pure nitrogen, and the ampoule was sealed. The 
ampoules were heated thermostat 240-250°, 
the case some samples 270°, for three 
The ampoules were then opened, connected 
vacuum mm), and heated 250° remove water 
and very small amount volatile impurities. 


Fig. 


The properties the polyesters and polyamides 
obtained are given the table. The vitrification 
temperatures the polyesters were determined the standard Marey apparatus, mean three determinations 
being The melting points the polyamides were determined sealed capillaries from which air had 
been displaced nitrogen. 


TABLE 


Polyester polyamide prepared from: Specific 
rotation 


Vitri 
ture (polyesters) 
melting point (poly- 


Density 


and adipic acid 


acid and 1,6-hexanediol 


acid and 
diol 
3-Methylhexanedioic acid and 1,6-hexanediamine 


(in benzene) 
12.5° 
(in formic 
acid) 


235 


Both polyamides were precipitated from their solutions formic acid with water. this treatment 
observed slight elevation the melting point the (+) isomer. 


4 
Yj 
— 
amides) 
1.078 


can seen from the table, for polyesters there practically difference density between 
isomer and the corresponding for the polyamides, the density the (+)-isomer (1.088 
appreciably higher than that the (1.078 g/cc). order obtain estimate the molecular 
weights, determined the intrinsic viscosities polyesters benzene specific viscosities poly- 
amides Polyesters had intrinsic viscosities the range For two samples polyesters having 
intrinsic viscosities 0.168 and derived from (+)- and acids and (+)- and (+)-3- 
acids and (+)+ and )-3-methyl-1,6-hexanediols determined molecular weights the 
ultracentrifuge the sedimentation method, and the respective values found were 19,500 and Mole- 
cular weights the same order were found also the method light the basis these 
minations state with reasonable confidence that our polyesters had molecular weights not less than 
20,000, Tentative values the molecular weights polyamides were obtained from their specific viscosities. 
The specific viscosities polyamides solutions cresol varied from 0.6 0.8, which enables 
suppose the presence polyamides having molecular weights the order 


the formation polycondensates the type that have studied, chains linear, non-branched 
structure are formed, The successive linking together units the chain can effected various ways: 
head-to-head fashion and head-to-tail fashion. one the components dicarboxylic acid glycol 
symmetrical, then only these two possibilities can realized, but both components are asymmetric, then 
the number different successions groupings increases eight. follows from statistical considerations 
that the actual polycondensate random mixture all possible sequences. 


These considerations refer only the possible sequences bonds and are not concerned with the 
chemical structure the units the the case (++)-isomers, the character the possible sequences 
remains unchanged, and easy show that all the that have investigated the 
methyl side groups must lie one side the chain its flat trans-configuration irrespective the 


head head-to-tail succession the groupings. racemic isomers, the number different possibilities for 
the arrangement the groupings doubled. 


Polyamides differ from polyesters their tendency form hydrogen bonds. known that hydrogen 
bonds the polyamides determine their properties the mass, which are associated 


with the packing the molecules and, particular, with their the energy hydrogen bond 
considerable (it attains kcal/ mole), molecules the mass pack themselves together the energetically 
most favorable fashion, striving form many hydrogen bonds possible. This arrangement corresponds 
flat follows that the (++)-polyamide groups will predominantly disposed one 
side the chain irrespective whether there head-to-head head-to-tail 


the case polyesters, owing the absence hydrogen bonds, there are extra restrictions the 
positions the methyl groups and, both the (+)- and the (+)-isomer, they may found both sides 
the chain because the almost free internal rotation groupings around bonds with consequent departure 
the configuration the chain from the flat trans-arrangement bonds. Nevertheless, this case also the 
(++)-isomer more ordered the sense the arrangement groups along the chain than the racemic isomer. 


the other hand, the case the racemic polyamide, groups may disposed both the right and 
the left side the chain. 


Hence, the packing (++)-chains should more regular than that racemic Also, 
chains there more ordered arrangement groups along the chain. may said that racemic polymer 
should regarded peculiar type copolymer made (+)- and Roughly speaking, the dif- 


ference between (++) and racemic macromolecular compounds may treated difference between polymers 
and 


examination our results shows that, full accord with the above discussion, (++)-polyamides have 
higher densities and melting points than polyamides obtained from racemic monomers, The difference density 
direct indication greater compactness the The higher melting point the crystalline 
(++)-polyamide (by 15-20°, compared with the racemic polyamide) indicates direct relationship between 
the stereochemical structure the chains and their packing the polymer and the tendency crystallization, 


accord with the above-discussed views the structure polyesters, the differences properties bet- 
ween the (++) and racemic products found less notable. Nevertheless, they are quite definite character. 
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Polyesters are noncrystalline and cannot, therefore, characterized melting point. However, there 
appreciable difference vitrification temperature, spite the small difference This in- 
direct, though sufficiently clear, proof the higher regularity packing the (++)-isomers, compared with 
the racemic forms. 


connection with our consideration polyesters, must note the following Doubling the content 
methyl side groups the chain pass from the polyester obtained from 3-methylhexanedioic acid and 
1,6-hexanediol, from that obtained from adipic acid and 3-methyl-1,6-hexanediol, that obtained from 
3-methylhexanedioic acid and has almost effect the vitrification temperature. 
The introduction the first methyl group, however, has marked effect the properties the polyester, de- 
stroying its power crystallize (hexamethylene adipate crystalline). 


SUMMARY 


simplified method for preparing macromolecular polyesters from dicarboxylic acids and glycols with 
azeotropic removal water was developed. This method applicable the preparation optically active 
and racemic polyesters. Three pairs optically active and racemic polyesters were prepared, and also the 
polyamide from 3-methylhexanedioic acid and 1,6-hexanediamine was prepared the optically active and 
racemic forms, 


was shown that the density the (+)-polyamide greater than that the racemic polyamide 
the same composition and the melting point the (+)-polyamide the higher The difference 
the densities the optically active and racemic polyesters insignificant. was nevertheless found that the 
difference vitrification temperature appreciable: optically active polyesters vitrified temperatures 4-8° 
above those for racemic polyesters the same composition. 


Direct experiments showed that the stereochemical structure macromolecular compound has 
substantial effect the way which the chain molecules are packed the polymer and therefore the 
density and melting and softening points. 
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their oxygen analogs. 


TABLE 


Effect the Catalyst the Yield Ethyl Sul- 
fide Polymer hours, 60°) 


Yield 
polymer (%) 


Amount 
weight) 


catalyst 

6H,O Traces 

Traces 


TABLE 


Effect Duration Heating the Yield 
Ethyl Vinyl Sulfide Polymer.. 60°, 


Yield 


Duration 
heatin 


Experiment 


minutes 
hour 
hours 


SYNTHESIS SULFUR COMPOUNDS WITH THE AID 
VINYL ETHERS AND ACETYLENE 


COMMUNICATION IONIC POLYMERIZATION ALKYL VINYL SULFIDES 


The polymerization sulfides the type CH, CHSR has received little attention 
the literature, and the few papers that have appeared are concerned mainly with the study polymerization 
and copolymerization presence free-radical initiators [1-3]. regards ionic initiation, there are references 
patents [4, the preparation polymers vinyl sulfides presence SO, and gaseous Under the 
action and presence which alkyl vinyl ethers polymerize good yield alkyl 
sulfides not give polymers [7]. This fact, also the character other ionic transformations vinyl 
sulfides, probably indicates that their double bonds have less nucleophilic character than the double bonds 


fides different structure and vinyl sulfides) (Table 4). 


TABLE 


Effect Temperature the Yield 


(C,Hg)20) 


Yield 
olymer 


Experiment 


Traces 


the present work, taking ethyl, butyl, and 
2-butoxyethyl vinyl sulfides our examples, 
showed that vinyl sulfides readily polymerize 
presence active ionic catalyst boron trifluoride 
The optimum conditions for the mass poly- 
merization vinyl sulfide presence 
are, Tables 1-3 indicate, fairly 
severe: heating for 2-3 hours presence 


Approximately the same conditions were found 
favorable for the polymerization vinyl sul- 


Pig 
Z 
: 
ae 
; 
Experi 
ment Name 
i 
ip 
ort 9 
Be 
631 


TABLE 


Polymerization Conditions and Some Properties Some Vinyl Sulfide (CH, SR) Polymers 


Viscosity 
SCOS 


Hence, for sulfides also, high yield polymer can obtained presence ionic catalyst. 
However, the character the reaction differs substantially from that the polymerization ethers, for 
which slight traces bring about explosive reaction that the polymerization has carried 
out very low temperatures The polymerization sulfides requires considerable amount catalyst 
and prolonged heating. Attempts activate the polymerization vinyl sulfides obtain polymers 
higher molecular weight, which can effected the case hydrocarbons the introduction polar solvents 
(of the xylene type) halogen compounds (such bromide) [9], were not successful. 


The yellowish, polymers were purified precipitation from benzene with methanol 
(with addition ammonia neutralize the catalyst), They are soluble acetone, benzene, dioxane, 


chloroform, dichloroethane, ethers, and esters, but are precipitated lower alcohols and hydrocarbons. Some 
properties the polymers are given Table Unlike polyvinyl ethers, polyvinyl suifides are compatible 
with polystyrene with which they give transparent optically homogeneous 


The mechanism the ionic polymerization sulfides presence boron trifluoride etherate 


can represented the usual scheme with the participation promoter (traces water, the presence 
which the reaction medium cannot excluded): 


Chain termination probably accordance with the above scheme because the end groups the polymer 
indeed possess vinyl sulfide character, This confirmed the agreement found between values 
mean molecular weight obtained for these polymers cryoscopic and chemical 


For the chemical determination molecular weight, used the method which proposed previously 
for vinyl sulfide monomers this the method alkalimetric titration based quantitative scission with 


polymerization goes fairly high temperature, possible that effected without the participation 
promoters, proved for other systems Gantmakher and [10]. both cases the end groups the 
polymer will the same character. 


——— 
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alcoholic mercuric chloride: 


The differences between the molecular weights determined the chemical and cryoscopic methods lies 
within the limits error (Table 5). 


The degree polymerization polymers 
obtained presence ionic catalysts 
Determination the Molecular Weights ably lower than that polymers obtained the 
Polymers Cryoscopic and Chemical free-radical method [1,2]. 
Methods 


Our study the conditions for the polymeri- 
method), method) and some the properties the resulting poly- 
mers confirms the comparatively low activity 
1900 sulfides ion-induced transformations, 


2750 


Experi- 
ment 


EXPERIMENTAL 


Polymerization the vinyl 


sulfides were distilled stream nitrogen immediately before the experiment and had constants corre- 
sponding the reported values [12]. most the experiments the amount monomer taken was The 
polymerization was carried out three-necked flask fitted with stirrer, reflux condenser, thermometer, and 
tube through which continuous weak stream pure dry nitrogen was passed. Heating and stirring were 


The catalyst which was purified distillation, was introduced means dropper 
through special side tube the tube for passage nitrogen; slight jump the temperature was always 
observed Gradual addition catalyst had advantage over addition one portion, and most experi- 
ments the catalyst was added all once. The viscosity the reaction mixture rose gradually and reached its 
maximum hours 60°, The polymer was dissolved stirring with the least possible amount benzene 
(5-10 ml), precipitated with 250 methanol saturated with ammonia solution), and left until the 
supernatant solution was clear. The polymer was washed twice with 10-15 methanol, reprecipitated, and 
again washed twice, and until monomer had been completely removed, point which was determined 
the absence qualitative reaction for organic sulfide with alcoholic mercuric chloride [11], The polymer 
was then transferred weighing bottle and dried constant weight 60° and mm. 


Determination Unchanged Sulfide, order check the yield polymer from the amount 
unchanged sulfide use the mercuric chloride method, the total volume methanol used the pre- 
cipitation and washing the polymer was measured, and this was neutralized with hydrochloric acid 
(neutralization ammonia) and treated with excess 20% alcoholic mercuric chloride. After hours the 
acid liberated was titrated with 0.1 NaOH (with preliminary addition saturated brine, which makes possible 
carry out the titration with Phenol red which gives sharper color change than Methyl orange). The 
material balance given for some the experiments Table 


Titration End Groups. order determine the molecular weight the polymer, weighed 
amount (0,8600 was dissolved benzene; 20% ethanolic mercuric chloride was added, 
and the mixture was left for hours. Titration was carried out presence Phenol red the method in- 
dicated above. Considerable dilution with benzene did not lower the accuracy the titrimetric determination 
(established for particular vinyl sulfides presence mercuric chloride ethanol The calculation was 
carried out the formula 
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TABLE 


Material Balance Vinyl Sulfides CH, SR, Polymerized and Recovered Unchanged from Polymerization 


Amount monomer re- 
covered unchanged from 
the polymerization (found 
titration) 


Amount polymer Sum polymer 


monomer 


Experiment 


Cyl 1,CH,— 


which the molecular weight the polymer, the weight polymer taken for analysis, and the 
volume NaOH solution (factor required the titration. 


SUMMARY 


was shown that, owing the comparatively low tendency vinyl sulfides undergo ion-induced 
transformations, they give quantitative yields polymers only presence the active ionic catalyst 
under comparatively severe conditions temperature. 


chemical method for the determination the molecular weight the polymer, titration vinyl- 
thio end groups was 


was shown that considerably more vinyl sulfide polymer low molecular weight obtained under the 
conditions ionic polymerization than under the conditions free-radical polymerization. 
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HETEROCHAIN POLY 


DERIVED FROM METHYLENEDIANILINE 


Extensive investigation various investigators [1-6] polyamides derived from aliphatic dicarboxylic 
acids and aromatic diamines has shown that these compounds have high melting points, show poor solubility, 
and are very brittle. These peculiarities are evidently due the presence high interchain forces arising 
from the presence both aromatic nuclei and amide groupings these polyamides. Aromatic nuclei form 


the source polar forces and amide groupings give rise hydrogen bonds, and result extremely rigid 
structures are formed. 


the aromatic nuclei the interposition methylene groups gives only small effect, 
was shown Losev and Fedotova [5] for polyamides derived from 4,4'-methylenedianiline, and also one 
with Rogozhin [3] for polyamides derived from therefore set ourselves the 


problem determining the extent which hydrogen bonding amide groupings affect the properties these 
polyamides, 


known [7-9] that the case aliphatic polyamides the replacement hydrogen alkyl the amide 
grouping has very marked effect the properties the polymer, lowering its melting point, raising its solubility, 
and reducing its mechanical strength and hardness, Hence, replacement hydrogen atoms amide groupings 
aromatic polyamides should give compounds which hydrogen bonding absent and only the interaction 
aromatic nuclei remains, With this object prepared polyamides condensation aliphatic dicarboxylic 
acids such adipic, azelaic, and sebacic acids with prepared also 


some copolymers from the same acids condensed with mixture the N-substituted amine and unsubstituted 


EXPERIMENTAL 


Starting Materials, 4,4'-Methylenebis[N-methylaniline] and were pre- 
pared 60% yield condensation the corresponding N-alkylaniline with formaldehyde acid medium 
The former boiled 198° mm) and melted 55.5°, and the latter boiled 214° mm) and melted 


was prepared the condensation aniline with formaldehyde acid medium 
and reaction aniline hydrochloride with which was itself prepared the condensation 
aniline with formaldehyde [12]. melted 91.5°, which accord with data 
the literature [12]. The diamines were vacuum-distilled immediately before the polycondensation. 


The dicarboxylic acids were recrystallized from water and carefully dried. Adipic acid melted 
106°, and sebacic 134°, which accord with data the literature 


the diamines used did not form salts with aliphatic dicarboxylic acids, took equivalent amounts 
dicarboxylic acid and diamine for the polycondensation. The degree substitution amide hydrogen was 
varied using different molar ratios N-substituted and unsubstituted diamines the polycondensation, 
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The procedure used for the polycondensation and for the investigation the products was described pre- 
vious communications [16, The mixture reactants was heated stream oxygen-free nitrogen with 
gradual raising the temperature from 160° 260° over period six hours, and this-was followed further 
heating this temperature vacuum for 2-4 hours. the preparation unsubstituted polyamides, and also 
adipic polyamides having 50% substitution, the reaction mixture first melted colorless liquid 150°, 
and with further heating this melt 180° for 15-20 minutes became turbid and viscous and finally solid, 
giving product that did not melt below 300°, that further heating was carried out the solid phase. the 
remaining cases the reaction products remained the molten state until polycondensation was complete. 


The polyamides obtained were solids, which gradually changed from clear low-melting elastic 
products the case the polyamides hard brittle opaque high-melting substances the case the 
unsubstituted polyamides. The softening and melting points the polyamides were determined, the sample 
being heated slowly test tube under layer paraffin. Specific viscosities cresol lay 
the range The properties the polyamides obtained are given the table, 


DISCUSSION 


will seen from the table, the properties the polyamides vary with the degree substitution and 
the structures the acid and the substituting group. Unsubstituted polyamides derived from 
dianiline are opaque solids melting the range 250-300°, noted previously Losev and Fedotova [5], the 


polyamide derived from adipic acid and insoluble cresol and decomposes before 
reaches its point. 


With replacement amide hydrogen alkyl, the softening and melting points the polymers are lowered 
considerably, and the products are almost colorless, translucent hornlike Elastic properties are most 


strongly developed polyamides containing 70% N-substituted diamine residues: these are transparent sub- 
stances which give elastic fibers. 


With further increase the number N-alkyls (100% substitution), plastic properties make their 
appearance. Fully N-substituted polyamides are transparent substances and have the lowest softening and melting 
Thus the 100% ethyl-substituted polymer already soft substance room 


Examination x-ray photographs shows that the unsubstituted polyamide derived from sebacic acid has 
degree crystallinity 60%. With increase the degree substitution amide hydrogen the crystallinity 
falls sharply. Thus, for the 50% N-ethyl-substituted polysebacamide the crystallinity 10%, and the 100% 
N-ethyl-substituted polyamide completely amorphous. 


The chain length the dicarboxylic acid has substantial effect the properties the polyamide, For 
all the polyamides, irrespective the degree with increase the molecular weight the 
acid the softening and melting points Interesting peculiarities adipic polyamides should These 
have the highest softening and melting points, fact that can explained the enhanced interaction between 
chains these polyamides account the increased content groups. Also, all the polyadipamides, 


apart from those that are fully alkyl-substituted, are insoluble cresol and other organic solvents and decompose 
before the melting point reached, 


Figure shows the relation softening point degree N-substitution for the various polyamides that 
obtained, 


will noted that, irrespective the structure the acid, with increase the content groups 
melting and softening points fall regular fashion, interesting that the case azelaic acid the 
even" effect not manifest and polyamides derived from this acid have melting points lying between those 
polyamides derived from adipic and sebacic acids, The effect the identity the substituent not great. 
When compare polyamides having equal degree N-substitution, see that the ethyl compounds have 


somewhat lower melting points than the methyl compounds, which attributed the greater volume 
occupied the ethyl group. 


Regarding the changes the properties N-alkyl-substituted polyamides whole, may conclude 
that the main factor determining their properties hydrogen bonding between amide groupings. The removal 
the possibility hydrogen bonding replacement amide hydrogen results the formation 
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low-melting plastic substance. Hence, the inter- 
action between aromatic nuclei plays secondary 
part the determination the properties poly- 
amides this type. 


SUMMARY 


Polyamides were prepared condensation 
the one hand, 
with adipic, azelaic, sebacic acid, the other, 
order give products which amide hydrogen 
was replaced various extents ethyl 
radicals. 


Softening point (°C) 


was shown that with increase the 
extent the replacement amide hydrogen 
methyl ethyl, the softening and points 
the polymer fell. 


was shown that the meiting point fell 
also the molecular weight the dicarboxylic 
acid the case azelaic acid the 
factor did not have its usval effect. 


amides; adipic azelaic was shown that the properties poly- 
polyamides; sebacic polyamides. amides derived from aromatic diamines are deter- 


mined primarily the extent hydrogen bonding 
between amide groupings, whereas interaction between aromatic nuclei secondary importance. 
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ORGANOPHOSPHORUS 


COMMUNICATION POLYMERIZATION CYCLIC ALKYL- AND ARYL-PHOSPHONIC ESTERS 


Many heterocyclic compounds polymerize when heated presence various catalysts. The tendency 
for heterocyclic compounds polymerize greatly dependent the number atoms the ring, the number 


and identities the hetero atoms, the presence polar groups and their positions, and the presence and nature 
substitutents the ring 


There have been reports the literature the polymerization various heterocyclic compounds containing 
hetero atoms such nitrogen [2], oxygen sulfur and silicon [5]. Arbuzov and Zoroastrova [6] were the 
first discover that cyclic phosphorous esters having seven atoms the ring readily polymerize, and 


they showed that possible principle use such compounds for the preparation phosphorus-containing 
polymers, 


The object the present investigation was the possibility polymerizing various and 
aryl-phosphonic esters give organophosphorus polymers, order determine the effect the number 
atoms the ring, the presence other hetero atoms, and the identity the group attached phosphorus, 
synthesized cyclic esters from methyl-, butyl-, chloromethyl-, and phenyl-phosphonic dichlorides and the 
following ethylene glycol, 1,3-propanediol, 1,4-butanediol, 1,5-pentanediol, and diethylene 


The properties the resulting cyclic esters, which contain five-, six-, seven, and eight-membered rings, are 
given the table. 


The isolation esters having eight-membered ring the pure state presented considerable difficulty, 
for considerable decomposition occurred when the reaction mixture was evident that 
reaction phosphonic dichlorides with glycols results the formation mainly the polymeric ester, and 


only subsequent thermal degradation that depolymerization occurs with formation monomeric phosphonic 


The polymerization the cyclic esters was carried out 140° for ten hours, individual cases the 
duration heating was increased and even hours, but this did not result any substantial changes 
the yield and molecular weight the polymer obtained. absence catalysts polymerization was too 
slow, and catalyst was therefore added the monomer, Sodium water was used catalyst, the amount 
added being some cases the monomers were allowed stand room temperature, and polymerization 
then occurred only after very long time. Thus, the ester formed ethylene glycol with methylphosphonic 
acid polymerized completely after months and formed the same polymer that obtained presence 
sodium. addition sodium and water, the following polymerization catalysts were tried: sodium hydroxide, 
potassium carbonate, hydrochloric acid, acetic acid, adipic acid, phosphoric acid, camphorsulfonic acid, lithium 
hydroxide, 1,6-hexanediamine, and 1,6-hexanediamine Apart from phosphoric acid, all these compounds 
were almost equally effective and gave very similar polymers. polymerization occurred presence 


phoric the corresponding alkyl- aryl-phosphonic acid was obtained, evidently result the hydro- 
lysis and decomposition the monomer, 


each case the amount polymer formed and its specific viscosity cresol were 
The results are given the table (columns and 8). 
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104—105 (3) 1.4470 


97—99 (3) 67.5—69 56.4 


ily 


The yield polymer increased with increase the amount catalyst and the duration heating. Thus, 
the case the esters having seven-membered ring, increase amount catalyst from 
increase yield from 64.5%, when reaction was 140° presence sodium, and increase 
duration heating from hours resulted increase yield from 58.7%. However, the viscosity 
the polymer solution did appreciably with duration reaction and amount catalyst. 


Comparing the polymers obtained from the various esters, may conclude that esters having 
five-membered rings polymerize most readily, whereas esters having cight-, seven-, and particularly 
rings polymerize more slowly. The identity the substituent the phosphorus had appreciable effect 
the rate polymerization the phosphonic esters. 


The polymers obtained were viscous liquids, soluble chloroform, ethanol, and cresol, but insoluble 
benzene, petroleum ether, and diethyl ether. Molecular weight determinations cresol showed that they had 
degrees three four, greater values being obtained only few cases, 


EXPERIMENTAL 


Methylphosphonic dichloride was prepared from dimethyl methylphosphonate 
and phosphorus pentachloride Dimethyl methylphosphonate was prepared Arbuzov's method [8] 
yicld about 70%; b.p. 181°. Methylphosphonic dichloride white crystalline substance, 


Butylphosphonic dichloride was prepared Kinnear and method 
was obtained yicld about 80% and had b.p. 70-73° mm), which accord with the literature 
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Phenylphosphonic dichloride was prepared from tetrachlorophenylphosphorane 
and sulfur dioxide The yield was 92%, and had 83-84 (1-1.5 mm), which accord with the 
literature 
Dichloride, dichloride was prepared from formaldehyde 
accord with the literature 
four-necked round-bottomed flask fitted with stirrer, thermometer, ceflux condenser protected with calcium 
chloride tube, and dropping funnel. solution 26.6 methylphosphonic dichloride 100 dioxane 
was added dropwise the vigorously stirred mixture, which was maintained When the addition was 


the reaction mixture was heated for one hour boiling water bath and then set aside overnight. 
The precipitate tricthylamine hydrochloride was filtered off and washed with The filtrate and 

washings were combined, and solvent was distilled off. Three fractionations the reaction mixture 
the cyclic ester 30% yield (14.35 g). The ester liquid 104-105° mm); 
1.3219; found 24,64, calculated 


Found 29.63, 29.74; 6.02, 6.06 Calculated 29.51; 5.73 


The ester soluble benzene, ether, dioxane, alcohol, and other solvents. 


Polymerization the ester was carried out scaled tube atmosphere nitrogen presence 
sodium (3% 140° for ten The polymer obtained was washed with benzene and constant weight. 
The yield was 96.4%, was viscous slightly yellowish liquid, soluble chloroform and cresol. Its viscosity 

p-cresol, was 496 (duplicate values; 495, 497), which corresponds the tetramer, Polymerization presence 
water (0.5%) was carried out 110° for five hours and 130° for six hours. The yield polymer was 88.05%, 


Polymerization absence catalyst was carried out room temperature over period months. 
The yield polymer was and the specific viscosity cresol was 0.10. 


The substances taken for reaction were cthylene glycol (12.4 g), phenylphosphonic dichloride (39.0 g), 
triethylamine (40.4 g), and dioxane (400 The reaction conditions were before. Vacuum fractionation 
gave 6.8 (18.4% product 119-122° mm). 


After recrystallization from the product was obtained the form white crystals, m.p. 
soluble chloroform, and dioxane, 


Polymerization the cyclic ester was carried out before presence sodium 140° for ten 
hours, The yield polymer was was obtained viscous liquid, which was soluble chloroform, 
cresol, and ethanol, The viscosity 1.5% solution the polymer cresol was 0.34. 


The cyclic ester derived from 1,3-propanediol and acid was prepared the same way. 
The substances taken for reaction were 1,3-propanediol (11.4 g), dichloride (22 g), 
amine (30.5 and dioxane (300 ml), The product, 110-112° mm), amounted 12,36 (60.5%. The 
weight, determined cryoscopically dioxane, was 131.3. 


x 


Found 34.59, 34.63; 6.59, 6.46 Calculated 35.29; 6.61 


After being recrystallized from carbon tetrachloride, the product formed white crystals, m.p. 
which accord with the literature [12} was soluble benzene, chloroform, dioxane, and 


Polymerization was carried out before presence sodium 140° for resulted 
the formation the tetramer, which was obtainedin52.7% yield. The polymer was viscous liquid; its 
viscosity 1.5% solution cresol was 0.06, was soluble chloroform and cresol. 


Tetramethylene Methylphosphonate 2-Oxide) 


The substances taken for reaction were 1,4-butanediol (23 g), methylphosphonic dichloride (33 g), 
amine (48 g), and dioxane (300 ml). The reaction conditions were before. The yield cyclic ester was 
(42.4%). After removal solvent, the reaction mixture was viscous yellow liquid. Fractionation 
under reduced pressure gave colorless viscous liquid, b.p. 97-99° mm). The supercooled substance had 
1.226, 1.4623; calculated 34.0, found 33.6. The molecular weight, determined cryoscopically 
benzene, was 149.3. 


Found 40.30, 40.14; 7.48, 7.58 Calculated 40.00; 7.33 


After being recrystallized from petroleum ether, the substance was obtained white crystals, 67.5- 
69°, which accord with the literature [13]. soluble benzene, dioxane, ether, and chloroform, 


Polymerization the cyclic ester was carried out before, and viscous, honeylike product was obtained; 
was washed with benzene remove unchanged polymer 56.09%. The polymer was 
soluble chloroform, ethanol, and cresol, but insoluble benzene, petroleum ether, and diethyl ether, The 


Tetramethylene 
Oxide) 
The substances taken for reaction were chloromethylphosphonic dichloride (33.5 g), 1,4-butanediol (18 g), 


triethylamine (40.4 g), and dioxane (400 ml), The reaction conditions were the same The 
tion gave 11.8 (42%) fraction 118-119° mm). 


Found 32.50, 32.59; 5.07, 4.78; 18.92 Calculated 32.52; 
5.42; 


After being recrystallized from petroleum ether, the product formed white crystals, m.p. soluble 
benzene, dioxane, and chloroform. 


Polymerization was carried out sealed tubes atmosphere nitrogen presence sodium 
for ten hours order purify the polymer from monomer, was treated with benzene. The yield 
polymer was 2.7 (62.8%. The polymer, which was dried constant weight, was viscous Its 
viscosity The polymer was soluble chloroform, ethanol, and cresol. 


The substances taken for reaction were butylphosphonic dichloride (19.6 g), 1,4-butanediol (11.08 g), 
triethylamine (22.62 g), and dioxane (200 ml), The experimental conditions were the same before. Two 
fractionations gave colorless liquid, b.p. 120-122° mm); 1.4627, 1.1073; found 47.43, 
calculated The yield was 6.2 


Found 49.52, 49.59; 9.41, 9.33 Calculated 50.0; 8.85 


The ester was soluble dioxane, chloroform, and alcohol. 
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The substances taken for reaction were phenylphosphonic dichloride (58.5 g), 1,4-butanediol (27 g), 
triethylamine (60.6 g), and dioxane (600 ml), The experimental conditions were before. After removal 
solvent, the contents the flask solidified. Considerable decomposition occurred during vacuum distillation, 
and the yield was low. Several fractionations gave white crystals, b.p. 125-127° mm). 


14.62 


After being recrystallized from petroleum ether, the product melted was soluble 
form, benzene, ethanol, dioxane, and dichloroethane; was partially soluble ether. 


(2-Methyl-1,3,6,2-trioxaphosphocane 2-Oxide) 


The substances taken for reaction:methylphosphonic dichloride (26.6 g), diethylene glycol g), 
thylamine (40.4 g), and dioxane (400 ml), The precipitate hydrochloride was filtered off. 
The mixture obtained after removal solvent was vacuum-fractionated twice, and the course this pro- 
cess some decomposition was observed. The yield the ester was 4.62 (13.9%) and had 105-107° 


The ester was soluble dioxane, chloroform, and 


Polymerization the cyclic ester was carried out tubesin atmosphere nitrogen presence 
sodium catalyst. Reaction was for ten hours 140°, The polymer obtained was purified washing 
with benzene; yield 59.7%, The viscosity cresol was 0.157. The acid value was 58.03 
KOH solution per polymer. The polymer was viscous liquid, soluble chloroform and 


Pentamethylene (2-Methyl-1,3,2-dioxa hosphocane 2-Oxide) 


The substances taken for reaction were 1,5-pentanediol (20.8 g), methylphosphonic dichloride (26.6 g), 
triethylamine (40.4 g), and dioxane (400 The precipitate triethylamine hydrochloride was filtered off. 
Solvent was distilled off under reduced pressure, and the residue was twice. Considerable 
decomposition was then observed, and the yield ester was 3-5%, had 118-120° mm); 1.4652, 


1.1519; found 39.38, calculated The ester was soluble benzene, chloroform, dioxane, 
ether, and other organic solvents. 


Polymerization was carried out sealed tubes atmosphere nitrogen presence sodium. 
Reaction was for ten hours The polymer was purified washing with benzene; was obtained 
65.0% The viscosity the polymer cresol was 0.12. The polymer was viscous 


liquid, soluble chloroform and cresol. 
SUMMARY 


Cyclic esters derived from methyl-, chloromethyl-, butyl-, and phenyl-phosphonic acids and ethylene 
glycol, 1,3-propanediol, 1,4-butanediol, 1,5-pentanediol, and diethylene glycol were synthesized. 


The polymerization these cyclic phosphonic esters containing five-, six-, seven-, and eight-membered 
rings was investigated. 


was shown that cyclic phosphonic esters containing five-membered ring have the highest tendency 
polymerize. 


645 


LITERAT URE CITED 


Korshak, Methods Macromolecular Organic Vol. Izd. SSSR, Moscow, 1953, 


Knunyants, Rogovin, Yu, and Khait, Gen, Chem, 17, 987 (1947). 


Fichter and Biesswenger, Ber, 36, 1200 

Hunter, Hyde, Warrick and Fletcher, Am, Chem, Soc, 68, 667 (1946). 
Arbuzov and Zoroastrova, Bull, Acad. Sci. USSR, Div. Chem. Sci. 1952, 
(7] Hofman, 303 (1873). 

Arbuzov, Russ, Phys. 38, 687 (1906). 

Lindner, Wirth and Zaunbauer, Monats. 70, (1937). 

Kabachnik and Shepeleva, Acad. Sci. USSR 75, 219 (1950). 

Mckay, Braun and Wavasour, Am, Chem, Soc, 74, 5540 (1952). 

Mckay, Bannard, Braun and Benness, Am, Chem. Soc, 76, 3546 (1954). 


Institute Heteroorganic Compounds the Received March 31, 1956 
Academy Sciences the USSR 


Russian, 
Original Russian pagination, See Translation. 


i 
: 
. 
‘wed 
: 
646 


COMMUNICATIONS 


REACTIVITIES AND 1,1'-BIS-p-NITROPHENYLFERROCENES 
AND 1,1'-DIACET YLFERROCENE 


comparatively wide range substitution reactions for ferrocene known [1-6], but only beginning 
has been made [7, the study the effect various substituents the reactivity the ferrocene 


the present investigation studied the effects the p-nitrophenyl and acetyl groups the ferrocene 
nucleus the tendency for further substitution occur, the compounds examined being 1-mono- and 
and 1,1'-diacetylferrocene. 


was found that both acetyl and substituents the ferrocene nucleus greatly reduce the 
tendency for further substitution 1,1'-Diacetylferrocene does not react with mercuric acetate room 
temperature (under the conditions for the mercuration ferrocene even higher temperatures (boiling 
for three hours benzene-alcohol solution). were unsuccessful also introducing third acetyl group into 
diacetylferrocene the Friedel-Crafts reaction, Under the conditions for the acetylation ferrocene, 1,1'- 
diacetylferrocene does not react, and when boiled for long time carbon disulfide with large excess 
acetyl chloride presence aluminum chloride decomposes. 


1,1'-Bis-p-nitrophenylferrocene cannot acylated, mercurated, sulfonated under the conditions re- 
quired for reaction with ferrocene, 1-p-nitrophenylferrocene not sulfonated with sulfuric acid and not 
lated with acetyl chloride presence aluminum chloride with acetyl fluoborate, but with mercuric ace- 
tate under the conditions for the mercuration ferrocene [2] gives very low yield bischloromercuri- 
(nitrophenyl)ferrocene, The reactivities and bis-p-nitrophenylferrocenes are therefore much lower 
than that ferrocene, are continuing the investigation for other compounds (diphenyl-, p-tolyl-, and 
bis- 


its behavior toward diazo compounds, diacetylferrocene quite different from ferrocene itself. When 
the reaction carried out under conditions similar those required for the arylation 10], 
the nucleus diacetylferrocene broken down with formation products free from iton, which was found 
the aqueous solution the ionized state, substance was isolated which corresponded composition 
tyl(p-nitrophenylazo)cyclopentadiene, 


With benzene- and chlorides, 1,1'-diacetylferrocene reacted the case 
p-nitrobenzenediazonium chloride, with breakdown the ferrocene nucleus and formation similar products, 
but lower yields, Much the diacetylferrocene was recovered unchanged. 


The products did not give adducts with maleic anhydride with azodiformic ester, even when heated for 
time. Attempts prepare derivatives reaction the keto group with hydroxylamine, p-nitrophenyl- 
hydrazine, and thiosemicarbazide were not successful, The structures these compounds are under 


EXPERIMENTAL 


This was prepared mercuration p-nitrophenylferrocene 
with mercuric acetate. The yield was the amount mercuric acetate taken; the original 
p-nitrophenylferrocene was recovered unchanged. 


A 
| 
647 


dark-red substance which readily soluble only acetone, 
from which can precipitated with petroleum ether. When heated decomposes without melting, 


This was prepared modification Pauson's procedure [9] 67% 
lukewarm solution 0.1 mole ferrocene 200 glacial acetic acid was added gradually 


mechanically stirred solution p-nitrobenzenediazonium chloride, prepared from 0,4 mole 
The mixture was stirred for two hours, and the precipitate bis-p-nitrophenylferrocene was then filtered off 
and washed Soxhlet apparatus with benzene, acetone, and ether. 


Reduction bis-p-nitrophenylferrocene long heating with tin and concentrated hydrochloric acid gave 
81% yield yellow substance, m.p. 203-206° (with decomposition), which 


can crystallized from alcohol and very sparingly soluble both dilute and concentrated hydrochloric 
acid, 


Found 71,93, 71.95; 5.76, 5.73; 8.03 Calculated 71.55; 
5.73; 


(from dichloroethane), 


Found 79,26, 79.35; 5.19, 5.12; 5.15, 5.07; 10.47, 10.19 Calculated 


This was prepared 17% yield the method described above for bis-p- 
nitrophenylferrocene, the first place the product separated resinous mass, but this solidified when boiled 
with alcohol and ground with ether; was crystallized from petroleum ether and ethanol; 


3.25; 11.26 


Reaction ith Diazo Compounds, aqueous solution p-nitrobenzenedia- 
zonium chloride prepared from p-nitroaniline was stirred into solution 5.4 diacetylferrocene 
acetic acid, and stirring was continued room temperature for minutes. precipitate formed, 
and after the mixture had been heated for short time water bath the precipitate was separated from the 
solution, air-dried, and treated successively with light petroleum ether, benzene, and alcohol Soxhlet. 


Red crystals were obtained from benzene solution, and after recrystallization from chloroform they melted 
with decomposition 202-203°; they were readily soluble acetone, dichloroethane, and chloroform, but 
less soluble benzene, diethyl ether, and petroleum ether; yield 49%. analysis they corresponded ace- 
p-nitrophenylazo)cyclopentadiene. 


unchanged diacetylferrocene was 


Reaction with benzenediazonium chloride was continued room temperature for four hour since heating 
caused considerable From the resinous precipitate and the acetic acid solution isolated 52% 
unchanged diacetylferrocene and iron-free compound, which was recrystallized from light petroleum ether 
and aqueous alcohol and then formed orange-red crystals, readily soluble organic solvents, 
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analysis the substance corresponded yield 40% the amount 
ferrocene that reacted. 


Found 73.81, 73.87; 5.83, 5.84 Calculated 73.56; 5.69 


Molecular weight determination (cryoscopically benzene) showed that the product was the 


Found 204.5, 214.7 Calculated 212.2 


Reaction diacetylferrocene with p-toluenediazonium chloride was even more feeble than with benzene- 
diazonium chloride. 


When reaction was for one hour room temperature followed one hour 40-50°, 72% the diacetyl- 
ferrocene was recovered unchanged. The reaction products were separated chromatographically alumina, 
Acetyl(p-tolylazo) cyclopentadiene was isolated 17% yield the amount diacetylferrocene that reacted; 
was recrystallized from cyclopentane; 


Found 74,28, 74.17; 6.59, 6.60; 12.20, 11.95 Calculated 
12.38 


SUMMARY 


The introduction acetyl and p-nitrophenyl groups into the ferrocene nucleus greatly reduces the 
ability hydrogens the ferrocene nucleus undergo reactions (arylation with diazo 
compounds, mercuration, and acylation), 


Reaction diacetylferrocene with diazo compounds leads breakdown the ferrocene nucleus and 
formation substances considered tentatively 
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COMMUNICATION REACTION CARBON DIOXIDE WITH ESTERS GLYCINE 

AND PEPTIDES DERIVED FROM GLYCINE 


Kozarenko, Poroshin and Yu. Khurgin 


For the elucidation the part played carbon dioxide the polycondensation a-amino esters 
necessary study the products reaction carbon dioxide with a-amino esters and with esters peptides. 
was interest study these reactions the first for esters glycine and peptides derived from 
glycine, these are the most commonly investigated substances this field. 


The readiness with which carbon dioxide combines with glycine ester dry ether with formation 
the carbamate 


was noted Frankel and Katchalsky [1]. have found that this reaction occurs still more vigorously ab- 
sence diluent medium, i.e., under the conditions that have adopted for bringing about the polyconden- 
sation glycine esters [2]. found that the reaction carbon dioxide with glycine esters extremely rapid 
and proceeds with evolution much heat. might thought that the high heat reaction would prevent the 
absorption carbon dioxide glycine esters from taking its course, for, according Frankel and 
Katchalsky [1], the carbamates formed are thermally unstable substances and readily break down into the 
substances from which they were formed. However, this not observed practice. found that, under the 
conditions that adopted, the reaction products from carbon dioxide and glycine esters were comparatively 
stable compounds, which did not decompose until temperature 60° was reached (with formation carbon 
dioxide and the original glycine ester the proportions one mole 


this connection special attention should paid the fact that carbamates unsymmetrical structure 


have been found less stable and, according results [3] begin decompose even and de- 
compose completely 40° into the dipeptide and the other hand, according the same 
author, the symmetrical dipeptide carbamate 


fairly stable compound and decomposes only 


view the fairly high stability the carbamates and and the possibility their formation 
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the polycondensation glycine esters, was important determine which these compounds was more likely 
found the reaction mixture, particularly the stage diglyci esters are formed. The solution 
this question would help the elucidation the individual stages the polycondensation process and would 
bring nearer understanding the mechanism the polycondensation esters. was clear 
that answer this question might found study the kinetics the formation each the two 
forms and Our experiments the determination the rates formation the carbamates (I) and 
showed that (I) the more probable form the period the reaction under investigation (from 
hours 40°), since the rate its formation exceeds the rate formation the carbamate our opinion, 
this constitutes important demonstration the fact that the chief role the reactions a-amino esters 

played the carbamate derived from the monomeric ester. 


Fig. Fig. 


The rate constants for reactions carbon dioxide with esters glycine and peptides derived from 
glycine were determined from the change the pressure carbon dioxide constant temperature closed 
system constant known volume, Pressure was measured with sealed into the glass 
apparatus (Fig. 1). Carbon dioxide was admitted the substance under investigation (in the space opening 
the tap with tap closed and open, The space was previously filled with the substance under in- 
vestigation and then evacuated residual pressure mm. The apparatus shown Fig. was 
placed thermostat (20 The change pressure the apparatus was recalculated moles carbon 
dioxide per mole the glycine peptide ester and shown graphically Fig. noteworthy feature 
the short time (5-10 seconds) which carbon dioxide taken glycine ethyl ester, that was impossible 
follow the course the process accurately this method. The doubts arising about the adequacy the 
rate opening the tap which was opened hand, made necessary apply different principle for 
bringing the glycine ester and carbon dioxide into convenient apparatus for this purpose was found 
that shown Fig. which contact was effected the almost instantaneous atomization the ester 
atmosphere carbon dioxide. This was brought about opening sealed tube filled with glycine ester 
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and evacuated down the tube was allowed fall freely glass cylinder, height and volume 
800 ml, and was broken spike bottom the cylinder. Experiments with glycine ester 

20° the apparatus shown Fig. showed that the process results the combining mole carbon 
dioxide and moles ester and complete 2-3 seconds, However, probable that this does not represent 


the true rate the absorption process but merely characterizes the rate diffusion processes drop mono- 
mer. 


The reaction product from carbon dioxide and glycine ester was highly viscous liquid which solidi- 
fied completely below and did not differ any way from the carbamate glycine ester described Frankel 
and Katchalsky The substance remained unchanged when heated 55°. 60° gave the whole its 
carbon dioxide. Keeping the carbamate 20° for several days did not lead visible change, and only after 
week did the carbamate give weak violet biuret The carbamates glycylglycine and 
glycylglycine were found even less reactive the polycondensation reaction; even after prolonged standing 
20° there was change the biuret reaction and the alkoxyl content. 


The carbamate glycylglycine ester was found identical with carbamate Bailey Ten 
minutes after being mixed with glycine ester, this carbamate was precipitated unchanged with petroleum ether. 
The carbamate ester had the same properties. 

SUMMARY 

study was made the rates reaction carbon dioxide with esters glycine, glycylglycine and 
glycine. 

was shown that the carbamates esters and are inert 
the polycondensation 
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KINETICS AND CHEMISTRY THE POLYCONDENSATION a-AMINO ESTERS 


The polycondensation glycine esters was discovered more than fifty years ago Curtius [1] and Fischer 
and was applied that time for the synthesis peptides, These esters are still the most commonly 
used derivatives acids starting materials for the synthesis peptides predetermined structure; 
they are often used for the synthesis spite the extensive application a-amino 
esters for the synthesis peptides, the mechanism the condensation these esters remains obscure. The 
solution this problem, however, great importance for biochemistry and for the synthesis 
which has recently found increasing 


known that the polycondensation a-amino esters accompanied the formation linear pep- 
tide esters and considerable amount piperazinediones; 


(IV) 


absence catalysts the polycondensation a-amino esters does not occur. was shown previously that 
various acidic substances have initiating effect the polycondensation esters the 
catalysts investigated, carbon dioxide has been found the greatest 


this paper propose possible mechanism for the polycondensation a-amino esters presence 
carbon dioxide. This mechanism based the results have obtained our study the chemistry and 
kinetics the polycondensation glycine and alanine esters, possible that the mechanism polyconden- 
sation under the action other initiators [4] such HCl, differs from the mechanism that propose, 


When carbon dioxide added ethyl esters glycine and alanine, the gas rapidly absorbed its 
vigorous reaction with the liquid esters, The rates further processes depend the amount initiator added. 
the ratio the initial molar concentrations carbon dioxide and a-amino ester, does not exceed 0.25, 
rapid polycondensation occurs [4, 5], and the rate polycondensation and the composition the products de- 
pends [4-8]. The limiting value for complete combination carbon dioxide 0.5, 
sponds the formation chemical compound with stoichiometric ratio amino ester carbon dioxide 
[8]. With excess carbon dioxide polycondensation does not occur. 


The first stage interaction between carbon dioxide and amino ester probably consists the formation 
the carboxyamino ester (V): 


(V) 


However, this immediately followed high rate (the time required for the absorption carbon dioxide 
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a-amino ester only seconds) reaction between the carboxyamino ester and the amino ester with 
formation carbamate compound (VI): 


Frankel and Katchalsky [9] bubbled carbon dioxide through solutions amino esters and obtained and 
characterized the carbamates (VI). was expected, condensation was observed under these conditions. 
The carbamates (VJ) are thermolabile compounds which decompose fairly vigorously above 55°. The carbamate 


compounds formed peptide esters [8] are more stable. These compounds were prepared reaction 
esters di- and tri-peptides with carbon dioxide: 


CO, 
These compounds are very stable and the polycondensation peptide esters, therefore, appreciable 


catalytic effect observed. Together with the symmetrical carbamates and unsymmetrical carbamates 
derived from amino ester and peptide ester may formed: 


These, like the carbamates are thermolabile. The carbamate was isolated and characterized 
Bailey [10], who investigated the condensation amino esters presence anhydrides carboxyamino 


acids, The carbamates are thermolabile and decompose with formation peptide ester, amino 
ester, and carbon dioxide. 


suggest that the principal reaction the polycondensation esters consists reaction 
between the symmetrical carbamate amino ester (VI) with peptide ester with formation the unsymme- 


trical carbamate which decomposes give the ester the next higher peptide, the amino ester, and 
carbon dioxide: 


this way the growthofthe peptide chain explained. Carbon dioxide and, part, the amino ester are 
generated, that the symmetrical carbamate the amino ester again formed the system, this sub- 
stance being the true monomer this reaction, The intermediately formed unsymmetrical carbamates 
are unstable presence amino ester, and this ensures that polycondensation will proceed 


Carbon dioxide has effect the rate conversion the dipeptide ester into the piperazinedione. 
Hence, the final concentration piperazinedione does not depend the initial concentration carbon dio- 
xide the other hand, addition tripeptide esters amino ester presence carbon dioxide con- 
siderably accelerates polycondensation the final piperazinedione content the reaction system then 
appreciably reduced, This may occur because much the carbamate (VJ) reacts with the peptide esters present 


the system and reduces the concentration the dipeptide ester which the starting material for the for- 
mation the piperazinedione. 


this way can explain the previously demonstrated stepwise growth the peptide chain successive 
additions one amino acid residue. was shown previously that, the polycondensation amino esters 
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presence anhydride carboxyamino acid, chain growth occurs the amino end the peptide [11]. 


This observation not conflict with the proposed polycondensation mechanism, since the intermediate pro- 
ducts are the same for both 


SUMMARY 


mechanism proposed for the polycondensation esters presence carbon dioxide. 
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ACTION NUCLEOPHILIC REAGENTS COMPOUNDS 
THE TYPE 


Kh. Freidlina and Kost 


the chlorine the group that replaced all cases for which 1,1,1,3-Tetrachloropropane 
does not undergo substitution reactions with nucleophilic reagents only under severe conditions was such 
substitution successful the reaction with aniline, which N-(3,3,3-trichlorpropyl)aniline was obtained 
very low yield was interest investigate the effect the grouping compounds 
structure the tendency for substitution the chlorines the chloromethyl groups occur, 
Substitution reactions this type are interest also from the point view the synthesis compounds 
structure and which and are different substituents. study 
was made the action potassium iodide, potassium acetate, and sodium cyanide hexachloro deri- 
vatives hexane, decane, and tetradecane. was found that, itsbehavior toward these nucleophilic rea- 
gents, behaves like 1,1,1,3-tetrachloropropane and does not undergo substitution 
reactions. Reaction the nucleophilic compounds with 1,5,5,6,6,10-hexachlorodecane results all cases 
replacement the chlorines the chloromethyl groups. this way prepared 5,5,6,6-tetrachloro-1,10- 
diiododecane, 5,5,6,6-tetrachloro-1,10-decanediol diacetic ester, and 
Alcoholysis the decanediol diacetic ester gave 


prepared also the unsymmetrical compounds 5,5,6,6,10-pentachloro- 
1-decanol acetic ester and The original hexachloroalkanes were 
prepared hydrogenation over platinum catalyst presence bases [3, 4]. 


EXPERIMENTAL 


Preparation Boiling 17.5 (0.05 mole) 1,5,5,6,6,10-hex- 
achlorodecane and 22.5 (0.15 mole) sodium iodide acetone for ten hours gavé 15.5 (58.0% 
substance m.p. 113-114° (from petroleum ether). 


Found 22.66, 22.92; 3.15, 3.04 Calculated 22.76; 3,03 


hexachlorotetradecane and (0.2 mole) sodium iodide 100 acetone for hours gave 25.8 (89.7% 
substance m.p. (from alcohol). 


Found 28.83; 4.06, 4.11; Hal. 66.85, 67.02 Calculated 28.59; 
4.11; Hal. 


Heating this diiodo compound with sodium cyanide gave 9-tetrachlorohexadecanedinitrile, m.p. 


admixture with the compound obtained reaction hexachlorotetradecane with sodium cyanide there 
was depression melting point. 


93°. 
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Preparation Diacetic Ester. Heating mixture 17.5 (0.05 
mole) 1,5,5,6,6,10-hexachlorodecane, 14.7 (0.15 mole) anhydrous potassium acetate, potassium 

iodide, and glacial acetic acid 120° for hours gave 16.5 (83%) substance m.p. 102-103° 
(from alcohol). 


5.60; 35.81 


hydrochloric acid was boiled for five hours. Methanol and methyl acetate were distilled off, methanol 
and hydrochloric acid were added, and the mixture was boiled further for five hours, The product, 

amounting 4.5 (86%, was (from benzene). 


Found 38.94, 39.05; 6.09, 5.92 Calculated 38.81; 5.81 


Preparation 6,6,7,7-Tetrachlorododecanedinitrile, mixture (0.06 mole) 1,5,5,6,6,10-hex- 
achlorodecane, (0.2 mole) sodium cyanide, water, and 150 2-ethoxyethanol was heated 
for six hours, The product, m.p. 93-94° (from amounted 16.8 (90%). 


Found 42,96, 42.87; 4.76, 4.68; 8.21, 7.98 Calculated 43.05; 
8.48 


hexachlorotetradecane, (0.06 mole) sodium cyanide, 0.5 potassium iodide, water, and 100 
2-ethoxyethanol was heated for six The 75° (from petroleum ether), amounted 

9.0 (93%). 


6.26; 7.25 


adecanedinitrile, concentrated hydrochloric acid, and glacial acetic acid was heated for 
eight hours. The product, (from alcohol), amounted 2.65 


33.43 


Preparation 5,5,6,6,10-Pentachloro-1-decanol Acetic Ester, mixture 34.9 (0.1 mole) 
19.6 (0.2 mole) anhydrous potassium acetate, potassium iodide, and 
100 glacial acetic acid was heated 120° for The product, m.p. 46-46.5° (from alcohol), 


achlorotetradecane, (0.14 mole) sodium iodide, and acetone was heated for hours bath 
temperature 65°, The product, 83-83.5° (from alcohol), amounted 14.5 (78%). 


Found 33.23, 33.38; 4.36, 4.18; 62.17, 61.98 Calculated 33.86; 
4.87; Hal. 61.26 
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SUMMARY 


was made the action nucleophilic reagents (KI, and NaCN) hexachloro- 
toward nucleophilic reagents. Hexachlorodecane and hexachlorotetradecane undergo substitution reactions 
the chlorines the chloromethyl groups under the action nucleophilic reagents. 


The following compounds were prepared: 
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ORGANOBORON COMPOUNDS 
COMMUNICATION 16, AND ESTERS 
q 
reaction equimolecular amounts phosphorus pentachloride and areneboronic ester prepared 
previously unknown arenechloroboronic esters Organoboron compounds this type, containing boron- 
attached halogen, have still received very little study. Only their reactions with arylmagnesium halides have 
been studied, and result these diarylborinic esters have been prepared new method [2]. 


the present investigation studied the reaction between arenechloroboronic esters and aliphatic 
primary and secondary amines. This reaction proceeds according the equation 


and provides method preparation organoboron compounds new type: and 
areneamidoboronic esters, The reaction was carried out ethereal solution addition the amine the 
boronic, and N-ethylbenzeneamidoboronic acids. Amidoboronic esters the type are colorless liquids which 
are sensitive tooxygen and atmospheric moisture. 


benzenechloroboronate ether. the addition was made, colorless precipitate separated. When 
the addition was complete, the reaction mixture was stirred for one hour room temperature. The precipitate 
was filtered off and washed with ether, the product, which amounted 4.5 being diethylamine hydrochloride, 
m.p. undepressed admixture known diethylamine Solvent was distilled off, and 
vacuum distillation the residue gave 5.52 (57% b.p. 92-94° 


mm); 1.4822, 0.8931; found atomic refraction boron 4.5. 


Found 72.78; 10.32; 4.69 Calculated 72.11; H10.37; 4.64 


benzenechloroboronate ether. The reaction mixture was stirred further for one hour. Dimethylamine 
hydrochloride (3.2 m.p. 171°) was filtered off, solvent was distilled from the filtrate, and fractionation the 
residue gave (59.4% isobutyl N-dimethylbenzeneamidoboronate, b.p. 68-70° mm). 


Sy, 

es 


1-naphthalenechloroboronate ether. When the addition was complete, the reaction mixture was 
stirred further for one hour. The colorless precipitate diethylamine hydrochloride was filtered off (10.7 
m.p. 223-225°). Ether was distilled off, and vacuum distillation the residue gave (57.2% 
N-diethyl-1-naphthaleneamidoboronate, b.p. 127-128° mm); 1.5378, 0.9502 


ether. The reaction mixture was stirred for one hour, and diethylamine hydrochloride (4.13 m.p. 223- 
226°) was filtered off. Solvent was distilled off, and fractionation the residue gave 4.9 (57% 
N-diethyl-o-tolueneamidoboronate, b.p. 122.5-123° mm); 1.4808, 0.8877; atomic refraction 
boron 4.65; found 


= 


Stirring was continued for one hour, and the colorless precipitate ethylamine hydrochloride (3.29 m.p. 
was filtered off. Ether was distilled off, and vacuum distillation the gave 5.64 
boron 4.38; found 


All operations were carried out atmosphere dry nitrogen because the products are sensitive 
moisture and atmospheric oxygen. 
SUMMARY 
the action primary and secondary aliphatic amines arenechloroboronic esters, N-alkyl- and 
dialkyl-areneamidoboronic esters were prepared. 
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Several recent papers have been devoted the investigation and prepared 


various synthetic methods [1-5]. review article Anderson and Smith [5] data are given for and 
having radicals from methyl inclusive. Several papers relate 
the investigation hydrocarbons spectroscopic methods, and ultraviolet spectroscopy particular. 
Spectroscopic data that provide information the position the radical are very important for the deter- 
mination purity. well known, and 2-alkylnaphthalenes are very close boiling point, and separation 
the usual methods very difficult. 


TABLE 


Mean Values the Extinction Coefficients Alkyl- 
naphthalenes (liters/ 


314.6 
319.2 


For the solution our problem determination 


the purity synthesized products used the 


method ultraviolet spectroscopy, proceeding the Fig. Ultraviolet spectra mixture 
basis the remarkable fact that, according the naphthalenes isooctane after distilia- 
literature all 1-alkylnaphthalenes have in- tion through column; after freezing out. 


tense absorption band the region 314.6 my, and 

2-alkylnaphthalenes have one the region 319.2 

The intensities these bands not depend appreciably the identity the alkyl radical; their comparison 
for and which the substituent ranges from hexadecyl enables give the 
mean values molar extinction given the table. For individual substance the departures from 
these values not exceed These mean coefficients make possible calculate the contents 
and our products and check their purities. 


prepared mixture and and the method indicated 
below, and from this attempted isolate the individual substances with the aid fractionating column 
having efficiency 48-50 theoretical plates. isolated and 2-butylnaphthalenes what appeared 
the pure state, since their refractive indices and densities corresponded the constants given the literature 
for synthetic and 2-butylnaphthalenes [5]. However, ultraviolet spectroscopy indicated that the substances 
were mixtures the and 2-forms, since the two characteristic maxima were approximately equal intensity 
(Curve figure). Distillation through column, therefore, did not give the desired results. 


were able obtain more complete separation only the freezing method. After separation this 
method again determined the ultraviolet spectra the The results are shown the figure, which 
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gives the ultraviolet spectra fraction after vacuum fractionation through column (1) and 
after the freezing treatment usual, molar extinction coefficients are plotted ordinates. will 
seen that the intensity the 319.2 band has risen 480 units, which corresponds 90% the 


EXPERIMENTAL 


The investigated this work were prepared the direct alkylation naphthalene 
the molecular compound formed boron trifluoride with butyl alcohol, The molecular com- 
pound was prepared saturating dried distilled alcohol with dry boron special apparatus 
[9] under ice cooling. The alkylation reaction was carried out three-necked flask fitted with reflux con- 
denser and stirrer. Naphthalene was introduced into the flask and heated oil bath 
this temperature the molecular compound was added dropwise the naphthalene from dropping funnel, 

the end which reached the bottom the flask. When the addition was complete, the mixture was stirred 
vigorously the same temperature for further hours (for normal alcohols the total duration this reaction 
4-6 The upper layer was then separated and treated with superheated steam remove residual 
naphthalene, The oily product was separated, dried, and distilled over Vacuum distillation through the 
column then gave the following substances: 1-butylnaphthalene, b.p. 289° (760 mm) and mm), 
1.5809, f.p. found 186, calculated for CygHyg 2-butylnaphthalene, b.p. 292° 
(760 mm) and mm), 1.5778, 0.9643, f.p. found 183, calculated for 184; 
b.p. 321° (760 mm) and 108.4° mm), 1.5557, 0.9412, found 236, calculated 
for 240. 


the freezing treatment, dissolved the mixture alkylnaphthalenes ether 0.7 ether) 
and the solution was transferred cylinder surrounded mixture acetone and solid carbon dioxide. 
Since 1-butylnaphthalene melts 22° and 2-butylnaphthalene the latter crystallized out first from 
the solution and 1-butylnaphthalene remained the ether. 


The ultraviolet spectra (Fig. were obtained under identical conditions 2,2,4-trimethylpentane solution 


the photographic method ISP-22 source continuous spectrum used the hydrogen 
lamp designed Ostroumov. 


SUMMARY 


was shown that possible determine the contents and mixtures 
from the mean extinction coefficients ultraviolet absorption 


The importance combining chemical and physical methods investigation the isolation in- 
dividual alkylnaphthalenes was pointed out. 
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SYNTHESIS SULFUR COMPOUNDS WITH THE AID 


VINYL ETHERS AND ACETYLENE 


COMMUNICATION 15. COPOLYMERIZATION VINYL SULFIDES 
WITH SOME COMPOUNDS 


There have been only few investigations [1-4] the copolymerization reactions and sul- 
fides, and the basis these can inferred that vinyl sulfides undergo free-radical copolymerization more 
readily than vinyl ethers, The object the present work was the systematic study the copolymerization 
ethyl, butyl, 2-butoxyethyl, and phenyl vinyl sulfides with such standard monomers styrene, methyl meth 
acrylate, and methyl acrylate, Nine pairs monomers were investigated. 
was used initiator, because its considerably greater activity than that benzoyl peroxide [1]. all the 
systems studied the yields copolymers increased with increase the proportion the nonsulfur-containing 
component the original mixture; yields ranged from Curves 1b, and 3b). was shown 
previously that vinyl ethers will not copolymerize with styrene under the conditions free-radical initiation 

whereas find that sulfides give copolymers yields these conditions. 


ken) 


S 


3 
mer weig 
monomers 


Yield copo 


component copolymer (mo 


Amount sulfur-containing 


total weight 


Amount sulfur-containing component 
original mixture (moles 


Fig. Yields and compositions copolymers 
sulfide with methyl acrylate (MA), methyl meth- 
acrylate (MMA), and styrene (St) (60°; 2,2'- 
composition curves; 
yield curves; Curves 1-3 refer polymerization 
carried out for 100 hours; with MMA; with St; 


with MA; Curves 4(with MMA) and (with St) were ob- 
tained for 15-20% conversion. 
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The compositions ethyl sulfide copolymers, functions the relative amounts monomers 
the original mixtures, are given Fig. (Curves 1-5). Similar results were obtained for other sulfides. 
Unlike vinyl ethers, which cannot caused copolymerize proportions higher than moles owing 
the inactivity the vinyl ether radical with respect its own monomer, sulfides can give copolymers 
having high content sulfur-containing units. The curves Fig. enable compare the tendencies 
the methacrylate, methyl acrylate, and styrene radicals enter into copolymerization with vinyl sul- 
fides. Their reactivities this respect fall along the series methyl acrylate methyl methacrylate styrene, 
which complete accord with data the literature for other monomers Comparison with curves based 

experiments carried 15-20% conversion (Fig. Curves and indicates that this law holds irrespective 

the extent which copolymerization has gone. The structure the radical the sulfide CHSR 
has substantial effect the relation the composition the copolymer the composition the original 
mixture when copolymerize different sulfides with given monomer (Fig. 2), although vinyl 
sulfide appears somewhat more active than the alkyl vinyl sulfides. 


c 

a 

50 


Amount sulfur-containin component 
original mixture (moles 


Fig. Compsotions and yields copolymers styrene 
with different vinyl sulfides (100 hours, 60°, 0.2% 2,2'- 

yield curves: with ethyl vinyl sulfide; with butyl 
vinyl sulfide; with phenyl vinyl sulfide. 


the main, the copolymers obtained were somewhat brittle glassy solids; with increase the content sul- 
fur-containing the hardness the copolymer The fusibility the copolymers fell 
the identity the sulfide was changed the series phenyl vinyl sulfide ethyl vinyl sulfide 
butyl vinyl sulfide vinyl sulfide; and fell also when the second monomer was changed from 
methyl methacrylate Many the copolymers became electrified when ground. Some them gave 
films which were stable the air and water. All the copolymers were soluble benzene and were pre- 
cipitated alcohols. The copolymers were 


EXPERIMENTAL 


The copolymerization the vinyl sulfides was carried out the mass sealed tubes thermostat 
The starting materials were distilled stream nitrogen immediately before the experiment; 
the dispensing monomers from microburets was carried out particularly carefully. The less active, sulfur- 
containing component was added first the initiator [which amounted the total weight monomers 
Before being sealed, the tubes were cooled solid carbon dioxide. For each pair monomers series 
seven eight experiments was carried out which various molecular proportions the components were 
taken. After 100 hours the contents the tube were dissolved the least possible amount benzene and 
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precipitated with methanol; all the copolymers were reprecipitated twice and were then dried constant weight 
60° residual pressure all the experiments the compositions the copolymers were calculated 
from the analysis for sulfur, because the sulfur content was the most accurate criterion the composition and 
was generally less sensitive contamination foreign elements (in the form fragments Vitri- 
fication and melting points were determined sealed capillaries melting-point block; the temperatures 
incipient vitrification and attainment complete fluidity were read. 


SUMMARY 
study was made regularities observed the copolymerization various vinyl sulfides with various 
other monomers; the copolymers were isolated, and their properties were studied. 
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TRIBUTYLBORINE: CATALYST FOR THE POLYMERIZATION 


UNSATURATED COMPOUNDS 


now know many substances which can act unsaturated compounds and bring about their polymeri- 
zation. Such substances include compounds that can decompose with formation free radicals, acids, aprotonic 
acids, and organometallic compounds (one which recently received extensive application: triethylaluminum, 
proposed Ziegler catalyst for the polymerization ethylene and other olefins However, triethyl- 
aluminum such, and admixture with titanium tetrachloride will not bring about the poly- 
merization unsaturated compounds such styrene (in absence activator), acrylonitrile, tetrafluoroethylene, 
chlorotrifluoroethylene, and methyl methacrylate, supposed that triethylaluminum and other 
aluminum compounds would not the only heteroorganic compounds having catalytic activity among com- 
pounds the type MR, which hydrocarbon radical, tried find other heteroorganic compounds 

that would act polymerization catalysts, based our search the view that similar properties should 
possessed compounds elements having outer electron shells like structure. element having the same 
external electron shell aluminum found boron, and tried boron compounds catalysts for the 
polymerization unsaturated decided examine tributylborine, compound which 

fairly readily synthesized and comparatively safe use. was prepared reaction butylmagnesium bro- 
mide with boron trifluoride etherate. 


used tributylborine for the polymerization such monomers styrene, methyl meth- 
acrylate, and acrylonitrile. was found that tributylborine very active catalyst for the polymerization 
methyl methacrylate and styrene, but low activity the polymerization acrylonitrile. The addition 
2moles methyl methacrylate resuits rapid polymerization with rise temperature 

and the formation transparent solid block 60-90 minutes after the introduction the 
polymerization methyl methacrylate presence tributylborine moles %on monomer) toluene 60°, 
yield about polymethyl methacrylate was obtained after three hours, whereas absence catalyst 
only about polymethyl methacrylate was formed the same time under the same the 
polymerization styrene presence moles tributylborine 60° about polystyrene was formed 
two hours, whereas absence catalyst only traces polystyrene were formed the same time. The poly- 
merization was carried out sealed tubes, without displacement air from the gas phase the case styrene, 
and with displacement the air oxygen-free nitrogen the case methyl methacrylate. The polymeri- 
zation acrylonitrile presence tributylborine toluene required the use the activator boron trifluoride 
etherate, one and Fedorova have shown previously [2]. 


was thus shown that tributylborine very effective catalyst for the polymerization unsaturated 
compounds such styrene and methyl methacrylate, Other trialkylborines will doubt similar catalytic 
activity; also, the above monomers will not the only unsaturated compounds that are able polymerize 
under the action tributylborine and other trialkylborines. 


SUMMARY 


was found that tributylborine catalyst for the polymerization styrene and methyl methacrylate. 
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ACTION DILUTE NITRIC ACID SACCHARIFICATION LIGNIN 


According the literature, lignin begins react with dilute nitric acid 60-100° [1-4]. have ob- 
served that lignin reacts with dilute nitric acid still lower temperature was interest in- 


vestigate the reaction saccharification lignin with dilute (3-10 nitric acid 42-50° and the properties 
the nitro product then formed. 


PERIMENTAL 


For the investigation used technical saponfication lignin from the Wood Saponification works; 
the characteristics mean test sample are given Table The ground lignin was extracted, first with hot 
water, and then for two periods four hours under reflux with dichloroethane; was air-dried. The composition 
the purified lignin was: 61.77% 5.39%; 9.71%; COOH 


TABLE The experiments were carried out follows. 
The lignin (5.0 and times the amount 
Content acid were introduced into three- 
sugars, acids, cal- necked flask fitted with reflux condenser, thermo.- 
calculated substances culated meter, and stirrer. The reaction mixture was heated 
glucose water bath and stirred slowly, Reaction was 


considered begin 42-44° some cases and 

48-50° others. The duration reaction was 
varied from minutes hours. Evolution 
oxides nitrogen was observed all experiments. The samples were filtered off, washed with water until the 
washings were neutral Congo red, and dried, first the air and then over phosphoric oxide constant weight. 
The nitrolignins, which were obtained dark-brown powders, were analyzed for nitrogen, methoxy groups, and 
carboxy groups method 


1.46 


The results the experiments (Table show that reaction lignin with dilute nitric acid 42-44 and 
48-50° results simultaneous nitration and oxidation the lignin. Thus, when nitric acid was used 48- 
50°, the amount carboxy groups increased considerably and attained experiment with 10% 
nitric acid they amounted about 10%, will seen from Table that under the given conditions 
the duration the treatment with dilute nitric acid has little effect the nitrogen content the nitrolignin 
(times ranging from minutes hours were used); neither does the temperature treatment (42-100°) 
affect the nitrogen content, already shown when lignin treated the boil with nitric acid, the 
nitrogen content the resulting nitrolignin does not exceed 3%, The considerable reduction the amount 
methoxy groups during the treatment lignin with dilute nitric acid about 50° noteworthy. 


From nitrolignins obtained boiling treatments with dilute nitric acid isolated 4,6-dinitroguaiacol 
Abstracts numbering] (up 0.8% which was present impurity the nitrolignin The same 
compound was recently obtained Gustafsson and Andersen the treatment wood flour with nitric acid 
ether order determine whether 4,6-dinitroguaiacol formed under the conditions reaction 42- 


44°, carried out some special Lignin (100 was treated with acid this temperature 
for and for 


was isolated follows, Samples the nitrolignin were repeatedly extracted with 
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ether. The ether extract was dried with sodium sulfate, and the solution was evaporated down about 
and then chromatographed alumina, The column was washed out with ether, and the alumina was washed 
with hot water acidified with hydrochloric acid until acid Congo red. The aqueous solutions was extracted 
with ether. The crystalline substance obtained after ether had 117-120°, After two recrystalli- 

zations the was identified its melting point admixture with synthetic 4,6-dinitroguaiacol 
and elementary analysis. the same time, the filtrate and wash waters were analyzed for oxalic 


TABLE 


Yield nitrolignin 
original lignin 


Duration 
reaction 


(hours) 


Reaction 
ture (°C) 


Nitrating 
agent 


Content 


pes 


Ditto 


0.5 

Ditto 

Ditto 
Ditto 
10% 


Bath ratio 


The experiments showed that the amount 4,6-dinitroguaiacol formed depends the duration the 
nitric acid treatment. Thus, nitrolignin obtained the action nitric acid for two hours and containing 
3.30 nitrogen and 8.49% carboxy groups, found 4,6-dinitroguaiacol, but the nitrolignin 
obtained 24-hour treatment and containing 3.50% nitrogen and 7.89% carboxy groups the 4,6-dinitro- 
guaiacol content had increased Under given conditions, the longer the nitric acid treatment, the 
greater the amount oxalic acid formed. After two-hour nitration treatment the mother liquor and wash 
liquors were found contain 2.4% oxalic acid, but after hours the amount oxalic acid formed had in- 
creased 


SUMMARY 


study was made the action dilute nitric acid solutions lignin the 
temperature range was shown that saponification lignin reacts with dilute nitric acid temperatures 
low 42°, 


When saponification lignin treated with dilute nitric acid, the content carboxy groups increases 
about 10%, but the amount methoxy groups reduced. The nitrogen content does not exceed 


Apart from nitrolignin, 4,6-dinitroguaiacol and oxalic acid were isolated from the reaction mixture. 
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EFFECT KETO GROUPS THE STABILITY THE GLUCOSIDIC LINKAGE 


well known that the formation new functional groups the oxidation celluloses results changes 
the properties the glucosidic linkage, the three kinds functional groups formed the oxidation 
cellulose (CHO, and COOH), keto groups have received the least study with respect their effect the 
linkage. The direct investigation the effect these groups oxidized celluloses difficult 
owing the absence specific methods introducing groups into the cellulose molecule. For the solution 
this problem, therefore, experiments with model compounds are great 


known from the literature that keto group the the glucosidic linkage reduces 
the stability this linkage alkaline medium [1-3]. There are only sporadic references the effect 
the keto group the breakdown the glucosidic linkage acid medium [4, 5}. the work Kaverzneva 
celluloses was shown that one the causes their instability toward alkalis and acids 
the presence keto groups, study celluloses oxidized with hydrogen peroxide 8], obtained 
facts which indicate that such celluloses weakening the glucosidic linkages alkaline medium 
associated with the presence keto groups these celluloses, Similar indications the weakening the 


glucosidic linkage oxidized alkaline media the group have been obtained other 
authors [9]. 


The object the present work was determine the effect keto group the stability glucosidic 
linkage acid and alkaline media with the aid model compounds, 


EXPERIMENTAL 


model for oxidized cellulose selected 3-acetoxyacetonyl 


which contains keto group the with respect the glucosidic linkage. models unoxidized 


order reveal the effect the keto group the glucosidic bond these compounds, studied their 
hydrolysis acid and alkaline media. these glucosides differ essentially only the structure the aglucone, 
the extents hydrolysis under identical conditions should reflect the differences chemical structure. 


The degree hydrolysis the glucosides was determined from the amount aldehyde groups formed 
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hydrolytic scission, The aldehyde groups were determined condensation with hydroxylamine hydrochloride 
under the conditions that have established. Hydrolysis acid medium was carried out with 0.1 HCl 
72° and 92°, The results showed that the glucoside which has group the glucosidic linkage, 
more rapidly than gluosides (II) and (Table From comparison the structures these 


follows that the cause the difference hydrolyzability must the presence the keto group 
the glucoside 


TABLE 


Hydrolysis Glucosides 0.1 72° and 92° 


Degree hydrolysis after treatment with 


Glucoside 


Time treatment (hours) 


Glucoside 2.60 18.40 47.80 
Glucoside 2.90 8.80 10.70 
Glucoside 8.10 12,80 


Investigation the effect the group the glucosidic linkage alkaline medium associated 
with great methodological difficulties, and this probably explains the complete absence quantitative data 
this When the glucosides (I), and were treated with solution, found that glucoside 
(I) very rapidly reduced the solution (in 20-30 seconds) even room temperature, whereas the other two glu- 
cosides did not reduce even when heat was applied. attempt was made also obtain more exact 
quantitative characterization the degree hydrolysis the glucosides treatment with 0.1 NaOH 0°. 
Under these conditions, when the duration interaction with alkali was short (10 minutes), was found 
possible determine aldehyde groups quantitatively the same method (treatment with hydroxylamine hy- 
the treatment tetraacetylglucose for 2.5 and minutes, values 8.20 (duplicate 8.34) and 
carbonyl groups were found (calculated value For acetate the corresponding 
values were 20,54 (20.54) and value 21.21%. With the same treatment, the glucoside 
had decomposed the extent only minutes 0°; 15-20 minutes had hydrolyzed almost com- 
pletely, can seen from Table 


TABLE SUMMARY 


With the object determining the effect 
oxidized celluloses, the course the hydrolysis 
Degree hydrolysis after treat- this linkage was studied for compounds 

ment 0.1 NaOH acid and alkaline media. 


Glucoside Time treatment (minutes) the basis the behavior the model 


glucoside, and methyl -glucoside, was shown 
Glucoside that the group somewhat reduces the stability 


35.90 82.80 


the basis the behavior the same 


glucosides was confirmed that the keto group 
greatly reduces the stability the glucosidic linkage alkaline medium. 
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CURRENT EVENTS 


TWENTY-FIFTH 


ANNIVERSARY THE JOURNAL 
CHEMISTRY") 


Soviet science now celebrates notable jubilee marking the completion the first twenty-five years 
the journal Uspekhi khimii". the course these years fruitful activity, this journal has played ex- 
tremely important part the development chemistry our country, being one the most important links 
the system providing scientific information the greatest and most significant achievements modern 
chemistry. 


The running the journal present directed team scientists, namely, Korshak (Chief 
Mikhailov (Executive Secretary), and Semenchenko, must particularly emphasized 
that one the members this team, Professor Berkengeim, one the founders the journal and 
has assisted the direction the journal throughout the whole years its 


From 1932 and 1956 more than 250 issues the journal have appeared, and these contained more than 
1200 articles contributed more the very beginning its existence (in the first issue 
1932), the editorial board described the program the new journal "...The journal devoted 
progress chemistry, both its theoretical aspects, and also applied technology and socialist 
analysis the contents the journal during the twenty -five years provides convincing evidence that the 
journal has coped successfully with the tasks that set for itself. The review articles published the journal 
have generally been problems great current interest which some measure determined the course 
the development chemistry that particular time. Carefully thought out and purposeful selection 
material the editorial board undoubtedly contributed greatly the success the journal. 


The more important fields organic chemistry are represented the greatest number articles the 
journal (more than 300). some these, the subject matter not confined pure organic chemistry, but 
concerned also, lesser greater degree, with questions biological chemistry. addition, about seventy 
articles are devoted specifically progress biological chemistry. Various branches physical chemistry and 
chemical physics are represented more than 300reviews, which forty are concerned with the chemistry 
surface and adsorption phenomena. There are about forty articles aspects colloid chemistry, and modern 
work macromolecular compounds the subject more than thirty-five reviews, About ninety articles are 
devoted progress radiochemistry and work nuclear transformations, Much attention given also 
reaction kinetics and mechanisms, There are about fifty articles the elements and their isotopes, About the 
same number are concerned with progress various branches applied chemistry and with questions relating 
and physicochemical analysis, About twenty articles are devoted the discussion geochemical 
problems, and about the same number questions medicinal and pharmaceutical chemistry. 


Throughout the whole existence the journal articles and sketches have been systematically published 
the history Soviet and World chemistry and chemical technology and the lives and activities eminent 
chemists. More than 250 articles have been devoted these matters, Many issues the journal have contained 
articles and notes designed teachers chemistry higher educational establishments, articles the 
work research institutes and laboratories, 


Bibliographies and critical reviews current chemical literature which are printed 
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the journal are always read with interest and are great value. 


Readers have welcomed the recent appearance the journal the section Foreign Chemical 
chronical the most important achievements chemistry and the section Review Articles 
Foreign which may described briefly “review reviews". Incidently, though this short 
note sense intended critical analysis over the last twenty -five years, 
should like express the hope that the editorial board will make these last sections more substantial and ef- 


highly esteemed wide circle Soviet scientists and has made important 
contribution the development Soviet chemistry. 


their great indebtedness, all Soviet chemists warmly congratulate the organizers the journal the 
occasion the twenty-fifth anniversary and they wish them every success the extension 
and intensification the activities this unique and extremely useful chemical encyclopedia. 
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